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Biological specialization in Darluca filum 


Pavut D. KEENER? 
(WITH PLATE 25) 


The genus Darluca comprises a comparatively small group of parasitic 
fungi of the Family Sphaeropsidaceae of the Order Sphaeropsidales of the 
Class Fungi Imperfecti. It was named in honor of Michel Darluc, a French 
doctor of medicine. The members of the genus are well known as parasit- 
izing the rust fungi, occurring on a variety of rusts scattered throughout 
the entire world. The present paper deals with the results of greenhouse 
cultures of Darluca filum (Biv.) Cast. on various rusts. The writer (Keener, 
1933) has already reported the results of laboratory studies with pure 
cultures of this species of Darluca. 


HISTORICAL 


The most common and widely distributed species of the genus is 
Darluca filum which was first described as Sphaeria filum by Bivona- 
Bernardi in the year 1813. In 1823 Fries described the same fungus as 
Phoma filum. The generic name Darluca was established by Castagne in 
1851, who cited Sphaeria filum as the type species. Previous to this time 
the same fungus had already been sent out from the Castagne herbarium 
to several European botanists as Darluca vagans, so that in reality the 
generic name was in limited use sometime before the actual founding of 
the genus. Since the name Darluca vagans as used by Castagne previous 
to 1851, was not published, it cannot be recognized under any system of 
nomenclature as valid. On the other hand, Phoma filum of Fries, in view 
of its proper publication, does become a synonym of Darluca filum (Biv.) 
Cast. 

Darluca filum has been reported on both macro-cyclic and micro-cyclic 
rusts, and as occurring on the aecial, uredinial, and telial sori, but more 
commonly on the uredinia. Among the rusts on which this species has 
been reported, are representatives of such genera as Aecidium, Cerotelium, 
Chrysomyxa, Coleosporium, Frommea, Kuehneola, Melampsora, Periderm- 
ium, Phragmidium, Pileolaria, Puccinia, Ravenelia, Tranzschelia, Uro- 
myces, Uromycladium, and Uredo. In addition the author has observed 
D. filum on the rust genera Gymnoconia and Phakopsora. The examples 


1 Part of a thesis submitted in partial fulfillment of the requirements for the de- 
gree of Master of Science at The Pennsylvania State College, February 1934, and 
published with the permission of the acting Dean of The Graduate School. Contribu- 
tion from the Department of Botany, The Pennsylvania State College, No. 92. 
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below will give some idea as to the variety of rusts on which this species 
of Darluca has been found. In 1851 Castagne reported D. filum (as D. 
vagans) on Pileolaria Terebinthi. In 1897 Cobb reported D. filum on Tranz- 
schelia punctata. In 1906 McAlpine reported D. filum on several Australian 
rusts among which were Uromycladium simplex, two species of Aecidium, 
and Phragmidium Potentillae. In 1913 it was listed by Lind on Chrysomyxa 
Abietis. In 1920 Adams reported D. filum on Peridermium Peckii (Puc- 
ciniastrum Myriilli) on Tsuga canadensis and on Coleosporium delicatulum 
on Euthamia tenuifolia. So far as is known, this was the first report of its 
occurrence on a Gymnosperm rust. In 1929 Moss found D. filum on 
Melampsora confluens on Salix lutea. In 1930 Sydow (p. 186) reported it 
on Ravenelia spinulosa on Cassia biflora in South America. During the 
same year, Stevens (1930a) reported D. filum as occurring on Uredo 
Dioscoreae on Dioscorea sp. in Panama. In 1931 Petrak and Ciferri re- 
ported the parasite on Ravenelia Ingae on Inga vera. It has been said by 
some authors that D. filum attacks at least twenty-four percent of the 
species of the rust genus Puccinia and almost as high a percentage of the 
species of the genus Uromyces. 

Darluca filum has also been reported in association with fungi other 
than the Rusts. In 1930 (b) Stevens listed D. filum in association with the 
fungus Diplodia uredinicola. Previous to this report, Castagne (1851) 
had listed D. filum (as D. vagans) on Diplodia per pusilla. 

Since the founding of the genus there have been described in the liter- 
ature approximately twenty-five other species of Darluca. Various reports 
have listed these primarily as rust parasites, although a few species have 
been listed as occurring directly on phanerogamic hosts, or in association 
with fungi other than the rusts. For those species recorded as occurring 
directly on phanerogamic hosts, unassociated with rusts, Clements and 
Shear (1931) have proposed the creation of the new genus Darlucis. 
Accordingly, the genus Darluca would thus be split up inte two genera, 
retaining the name Darluca for those species parasitic on rusts. 

A perfect stage in the Darluca life history has been established under 
the generic name Eudarluca by Spegazzini in 1908. This genus is classed 
in the Family Sphaeriaceae of the Order Sphaeriales of the Class Asco- 
mycetes. When Spegazzini set up the genus he described Eudarluca aus- 
tralis as the type species. In 1910 the same author described Darluca 
australis which apparently he thought was the imperfect stage of Eudar- 
luca australis Speg. although an actual connection between the two stages 
has undoubtedly never been established by cultural methods. So far as 
can be determined from the literature, there has been only one other 
species of Eudarluca described, namely, Eudarluca venezuelana, reported 
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by Sydow (1930, p. 71) from Venezuela, South America. In the same 
report, Sydow (1930, p. 186) described an imperfect form, Darluca vene- 
zuelana, and here again it is apparent that there is merely an assumed con- 
nection between the imperfect or Darluca stage and the perfect or Eudar- 
luca stage. The writer has observed an ascomycete on Puccinia obscura 
on Juncoides campestre and on Puccinia Peckii on Carex normalis, in 
Pennsylvania, which he believes may be a perfect stage of Darluca filum. 
Inoculations with this fungus as well as with the imperfect forms are here- 
in reported.” 

Probably the first attempt at culture work with any Darluca species 
was made by Sappin-Trouffy in the year 1896. This worker germinated 
Darluca conidia in contact with rust spores on the surface of water cultures 
in the laboratory. He observed that upon germination, the conidia sent 
hyphal strands into the urediniospores and teliospores of the rusts con- 
cerned. In an article concerning Darluca on Uromyces caryophyllinus and 
on Puccinia Asparagi, Blodgett (1907-1908) suggested that the fungus 
might be cultured by spraying conidial suspensions on rusted carnation 
and asparagus plants in the greenhouse. 


MORPHOLOGY OF THE FUNGUS 


During its development in the field, D. filum produces small, globose 
or elongated, black, shiny, fruiting bodies known as pycnidia. These struc- 
tures vary considerably in size, are slightly beaked, and are sometimes 
fused at their bases or along the pycnidial wall (Pl. 25, figs. 4, 6, 7). 
They possess distinct ostiolar openings, through which the spores are 
exuded in thin, white or grayish, mucilaginous, threads. The ostiolar 
papillae become somewhat depressed as the pycnidia mature. 

The pycnidia occur either singly or in groups, within or upon the rust 
sorus (Pl. 25, figs. 1-8), and rarely directly on the host plant epidermis. 
In the latter case, the fungus is probably parasitic on the rust hyphae 
concealed within the tissues of the host plant. 

The spores are produced in great numbers within the pycnidial cavity 
(Pl. 25, fig. 5). Adams (1920, fig. 4) although not discussing such a 
process, shows that the conidia are produced singly and acrogenously, at 


2 Isolation No. 11-1 was made from conidia and isolations No. 11-2 and 12-2 
from the ascospores of this fungus. Inoculation results with isolations No. 11-1 and 
12-2 are herein recorded. The fungus shows all the characteristics of Darluca filum, 
but until further studies have been completed, the author has reserved his opinion 
as to the exact status of this form. For the present it will suffice to say that isolations 


No. 11-1 and 12-2 may be looked upon as constituting strains of the common species 
D. filum. 
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the tips of short pedicel-like hyphal processes sent out from the cells of 
the pycnidial wall; a single wall cell producing but one hyphal process 
with a spore at its tip (Pl. 25, figs. 5, 6). Such a method of spore pro- 
duction is not uncommon in certain members of the Order Sphaeropsidales 
to which Darluca belongs. The conidia are 2-celled, sometimes 3-4-celled, 
hyaline, oblong to fusoid, 10-21 X3-7y, slightly constricted at the septa, 
and when young possess two apiculate spine-like projections at each end 
of the spore. These spines tend to disappear as the spores become mature. 
As a result of this tendency for the older spores to lose their spines, Adams 
(1920) was led to conclude that there might possibly exist two distinct 
strains of the parasite; one with spines on the spores and the other lacking 
such spore structures. 

In the generic description published in 1851, Castagne made no mention 
of spines on the spores of his specimen. So far as can be determined from 
the literature, the first mention of these structures was by Saccardo in 
1884. 


OBJECT 


The object of this work was to determine whether or not biological 
specialization exists within the species Darluca filum, and if so, the extent 
to which it occurs. An indication of specialization was secured from the 
author’s previous study of several isolations and their behavior on various 
laboratory culture media (Keener, 1933) 


MATERIALS AND METHODS 


Pure cultures of isolations from conidia of D. filum as well as from asco- 
spores of the fungus found on Puccinia obscura and on Puccinia Peckii, 
were used as a source of spore inoculum with which to conduct the green- 
house cultures. Each isolation was considered a strain and the two terms 
are hereafter used interchangeably. 

The author (Keener, 1933) has already described the methods used 
in isolating from conidia and ascospores. By the use of these methods, thir- 
teen isolations (11 from conidia and 2 from ascospores), from 11 different 
rusts (7 of the rust genus Puccinia and 4 of the genus Uromyces), on 
10 different phanerogamic hosts, collected in 3 states, were made. The 
isolations with their arbitrary pure culture numbers and their sources, 
are given in the table on the next page. 

The culture work conducted in the greenhouse can be conveniently 
divided into two phases, (1) the culturing of the various rusts on their 
phanerogamic hosts, and (2) the culturing of the various Darluca isolations 
on these rusts. 
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Rust cultures. In order to obtain suitable material to be inoculated with 
D. filum, healthy plants had to first be infected with various rusts. To 
secure rust infections the atomizer, hypodermic syringe, and scalpel 
methods were employed. The first method proved to be the most satisfac- 
tory for the majority of rusts used. For each inoculation, a suspension of 























PURE CULTURE a 
eee NAMB OF RUST HOST PHANEROGAMIC HOST STATE 
1 Puccinia Sorghi Zea Mays Pennsylvania 
2 Puccinia poculiformis Phleum pratense Pennsylvania 
3 Uromyces Silphii Juncus tenuis Pennsylvania 
3-B Uromyces Sil phii Juncus tenuis West Virginia 
a Uromyces fallens Trifolium pratense New Jersey 
5 Puccinia hibisciata Muhlenbergia Schreberi New Jersey 
6 Puccinia Violae Viola sp. New Jersey 
7 Uromyces Polygoni Polygonum aviculare Pennsylvania 
8 Uromyces Junci-effusi Juncus effusus Pennsylvania 
9 Puccinia Hieracii Leontodon Taraxacum Pennsylvania 
*11-1 Puccinia obscura Juncoides cam pestre Pennsylvania 
**11-2 Puccinia obscura Juncoides campestre Pennsylvania 
**12-2 Puccinia Peckii Carex normalis Pennsylvania 





* Isolated from conidia. 
** Isolated from ascospores. 


urediniospores in distilled water was prepared in the bowl of an atomizer, 
and was then sprayed onto healthy, potted plants in the greenhouse. 
Plants so treated were then placed in sand pits and covered with bell 
jars. The bell jars were removed in from 24 to 48 hours. 

In their studies on smut resistance in corn seedlings grown in the green- 
house, Tisdale and Johnston (1926) found that the use of a hypodermic 
syringe proved to be a highly satisfactory means of inoculation. Inocula- 
tions made in this manner were most satisfactory for securing a good dis- 
tribution of rust sori on both corn and bean plants. In using this method, 
a suspension of urediniospores in distilled water was drawn up into the 
tube of a hypodermic syringe, and was then injected into healthy plants, 
at the ground level. When this method is used, bell jars can be dispensed 
with. The rust infections which resulted spread to even the uppermost 
leaves of the host plants. 

In the majority of cases, urediniospores were the inoculum used. In 
the case of Puccinia Malvacearum the inoculum consisted necessarily of 
basidiospores. To secure infections with this rust, heavily rusted holly- 
hock leaves were brought in from the field and were supported on wire 








480 BULLETIN OF THE TORREY CLUB [VOL. 61 


gauzes over healthy, potted plants in the greenhouse. The inoculated plants 
were then covered with bell jars as before. 

In a few instances, such as for Kuehneola Uredinis on Rubus alleghen- 
iensis, Puccinia Anemones-virginianae on Anemone virginiana, Puccinia 
Circaeae on Circaea alpina, and Uromyces verruculosus on Lychnis alba, 
it was necessary to depend on plants that had become naturally rusted 
under field conditions. Such plants were dug up, were transplanted in 
separate pots in the greenhouse and allowed to stand for two weeks, in 
order to be certain that no stray infections of Darluca from the field were 
present. A final examination was given these plants before inoculating 
them with the various Darluca isolations. 

Darluca cultures. In making inoculations onto rusts with the various iso- 
lations of D. filum, a suspension of conidia from pure cultures was pre- 
pared, and an atomizer was then employed to spray the suspensions on 
rusted plants in the greenhouse. Each time an inoculation was made, a 
bell jar was placed over the inoculated plant for a period of from 24 to 
48 hours. Results of inoculations were observed in from 6 to 9 days after 
the initial set-up. 

After each series of inoculations, bell jars were sterilized by spraying 
them with a 20% formaldehyde solution. The sand used in the pits was 
discarded, and the pits themselves sterilized by spraying them with the 
same percent formaldehyde. Atomizers were sterilized after each inocula- 
tion, by submerging them in 70% alcohol for from 12 to 24 hours. 

Altogether nineteen rust species representative of five genera were 
employed as hosts for the isolations of Darluca. Among these were two 
species of the genus Coleosporium, one of Frommea, one of Kuehneola, 
eleven of Puccinia, and four of Uromyces. Of these, three were micro-cyclic, 
while sixteen were macro-cyclic species. In some instances it was impossi- 
ble to inoculate all nineteen rusts with a given isolation of the parasite. 
This was due either to insufficient rust material or to the dying off of 
certain phanerogamic hosts in the greenhouse. 

In view of the fact that particular rust species used in this work occur 
naturally on more than one phanerogamic host, a more complete citation 
of hosts for such rusts precedes Table 1. 


RESULTS 
Isolations No. 9 and 11-2 failed to produce sufficient spores with which 
to conduct greenhouse inoculations. 
Table 1 shows the varied reactions of eleven of the thirteen isolations 
of D. filum on the nineteen rust species. Wherever blanks occur, they 
indicate that no inoculation of the particular strain on the rust species 
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concerned, was made. In Table 1 the fractions were determined as Ratio= 
Number of rusted leaves inoculated 





~ . Zeros in the denominators therefore 
Number of rusted leaves infected 


indicate negative inoculation results. The average percentage of infection 
figures in the last column of the table, show the relative susceptibility 
of any one of the nineteen rusts to the eleven isolations of the parasite. 
The lowermost row of average percentage of infection figures, show the rela- 
tive virulence of any particular isolation on the nineteen rust species. 
Average percentage of infection was determined as, Average percentage 


’ s Number of leaves infected 
of infection = . <100. The table, therefore, 
Number of leaves inoculated 


shows the inoculation results not only from a simple positive and negative 
standpoint, as determined from the ratios, but also from the average per- 
centage of infection standpoint, as determined, from the figures in the 
last column and the lowermost row. 





TABLE 1 


Relative susceptibility of nineteen rusts and relative virulence of eleven isolations 
of Darluca filum.* 














ISOLATION NUMBER ~ 
NAME OF RUST HOST % 
1 2 3 : 4 5 6 7 8 : z INF. 

Coleosporium Campanulae 3/0 3/0 7/0 0 
Coleosporium Solidaginis 5/0 5/0 6/3 9,0 7,0 8/0 4/1 8/0 9/0 4/0 6 
Frommea obtusa 6/0 | 4/3 | 4/0] 2/2 1/1 1/1 | 2/2} 2/0] 6/2] 2/1} 3/2] 42 
Kuehneola Uredinis 21/10} 3/0 5/3 8/0 8/0 | 18/9 | 12/0 4/0 | 10/0; 10/0 6/0 | 21 
Puccinia Acetosae 6/4 | 28/8 9/0 | 10/0 | 10/0 | 10/5 8/3 6/4 4/2 42 
Puccinia Anemones- 

virginianae 3/3 4/4 4/3 4/0 4/4 2/1 5/0 5/0 6/2 3/3 2/0 | 79 
Puccinia Antirrhini 30/6 | 38/11] 12/0 | 46/11| 20/0 | 21/12) 34/13} 6/6 | 19/9 | 12/10) 14/8 | 34 
Puccinia Circaeae 5/5 6/0 3/3 6/3 | 10/6 7/5 6/0 7/0 6/3 | 10/5 4/3 | 47 
Puccinia Clematidis 5/4 3/3 4/0 4/0 5/0 5/0 4/0 4/3 | 12/0 $/1 3/0 | 20 
Puccinia Hieracii 30/10} 4/1 | 10/6 | 34/0 6/3 | 14/8 | 12/0 17/11 31 
Puccinia Malvacearum 4/ 7/0 4/0 3/2 il 
Puccinia Menthae 21/13) 12/0 8/0 | 18/0 | 22/0 | 30/21) 15/10} 10/0 | 59/40) 44/26) 19/14) 50 
Puccinia poculiformis (1) 10/0 | 35/23) 25,0 | 27/0 | 29/11) 33/30) 28/21| 25/0 40 
Puccinia poculiformis (2) 3/0 8/0 3/0 8/0 7/0 4/0 3/0 | 10/0 3/0 0 
Puccinia Sorghi 20/12} 30/15) 25/20) 25/5 7/4 | 23/19] 17/11) 10/9 | 21/12} 10/6 | 12/6 | 60 
Uromyces appendiculatus 14/10) 10/5 7/0 | 14/0 7/4 | 17/8 | 12/4} 10/8 7/4 | 14/0] 11/5 | 37 
Uromyces caryophyllinus 5/0 17/5 9/9 15/7} 8/3 “4 
Uromyces Polygoni 14/11] 30/29) 10/6 | 14/8 | 24/15} 12/0 | 17/13] 21/14) 42/21) 13/0 | 13/10} 60 
Uromyces verruculosus 5/0 | 14/11} 34/15} 6/0 | 21/5 | 11/7 | 36/0 9/0 20/10) 31 
Av. Percentage of Infection 42 48 H 13 26 59 36 33 46 42 §2 x 









































No. of leaves inoculated 
No. of leaves infected 





* Ratio= 


pa of infectio No. rusted leaves infected 100 
SenG® Percentage Of inlectin® iio. rusted leaves inoculated : 
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In Table 1, Coleosporium Campanulae represents the uredinial stage 
of that rust on Campanula rapunculoides and Coleosporium Solidaginis 
the uredinial stage on Solidago sp. The host for Puccinia Clematidis was 
Triticum aestivum, while Puccinia poculiformis (1) had Phleum pratense 
for its host, and Puccinia poculiformis (2) was on Poa compressa. Puccinia 
Hieracii was used on Leontodon Taraxacum and Puccinia Malvacearum on 
Althaea rosea. Puccinia Menthae was on Mentha spicata while Uromyces 
Polygoni was on Polygonum aviculare. Golden Bantam sweet corn was 
employed as the host for Puccinia Sorghi, and Early Dawn carnation was 
used as the host for Uromyces caryophyllinus. For Uromyces appendiculatus 
the host was Phaseolus vulgaris var. “Kentucky Wonder.”’ Frommea obtusa 
was on Potentilla canadensis and Puccinia Acetosae was on Rumex Aceto- 
sella, and Puccinia Antirrhini was on Antirrhinum majus. Other hosts 
have been previously mentioned. 


DISCUSSION AND CONCLUSIONS 


The writer’s previous studies (Keener, 1933) of ten isolations of Dar- 
luca filum on various laboratory media, indicated the presence of six dis- 
tinct strains of the rust parasite. However, the results of greenhouse cul- 
tures with eleven of thirteen isolations herein discussed, show that it is 
better to consider each isolation a distinct strain of D. filum. 

In the remarks to follow, several terms are used which it seems ad- 
visable to define: 

(1) Susceptibility: that quality of a host allowing for a successful 
attack by the parasite. As herein employed it denotes that quality of 
the various rust hosts which permitted them to be attacked by the various 
isolations. The degree of susceptibility of one rust as compared with an- 
other under similar conditions may be regarded as relative susceptibility, 
and may be roughly determined by comparing the average percentage of 
infection figures in the last column of Table 1. 

(2) Virulence: that quality of the parasite which enables it to attack 
a host successfully. As mentioned herein it is used to denote that quality 
of the various Darluca isolations which enabled them to attack the various 
rusts. The degree or intensity of virulence of one isolation as compared 
with another under similar conditions may be looked upon as relative 
virulence, and in this instance may be determined by comparing the aver- 
age percentage of infection figures in the bottom row of Table 1. 

By the use of previously described methods, 175 inoculations with 
eleven of the thirteen isolations of D. filum, were completed. Of this num- 
ber 101 or 58% proved to be positive and 74 or 42% gave negative results. 
Of the 175 inoculations, 149 were made on the 16 macro-cyclic (long- 
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cycled), and 26 on the 3 micro-cyclic (short-cycled) rust species. Of the 
149 inoculations onto the 16 macro-cyclic rusts, 85 or 57% gave positive 
results and 64 were negative. The 26 inoculations onto the 3 micro-cyclic 
rusts resulted in 16 or 62% positive and 10 negative trials. 

Considering the results from the standpoint of the rusts and also from 
that of the isolations, it will be noted that there are two possible ways of 
interpreting the specialization that is shown: 

(1) The nineteen rusts varied in their susceptibility to the different 
isolations. Some rusts were more susceptible than others and some were 
non-susceptible. 

(2) The eleven isolations proved variable in their virulence on the 
nineteen rusts. Any single isolation was more virulent on some rusts than 
it was on others. 

From the standpoint of susceptibility to all isolations tested, the ratios 
in Table 1 show that Puccinia Sorghi was the most susceptible rust since 
it was successfully attacked by all of the isolations. Puccinia Antirrhini 
and Uromyces Polygoni were somewhat less susceptible, being attacked by 
only nine of the eleven strains, while Frommea obtusa and Uromyces ap- 
pendiculatus were attacked by eight of the eleven isolations. Table 1 also 
shows that Coleosporium Solidaginis, Kuehneola Uredinis, and Puccinia 
Clematidis, all proved relatively non-susceptible to attack, and Puccinia 
poculiformis (2) was non-susceptible to all of the isolations. 

If the average percentage of infection is considered an index of rust 
susceptibility, by comparing the figures shown in the last column of Table 
1, it will be seen that Puccinia Anemones-virginianae, Uromyces Polygoni, 
and Puccinia Sorghi were the most susceptible, Coleosporium Solidaginis 
relatively non-susceptible, and Puccinia poculiformis (2) was entirely non- 
susceptible to attack. The average percentage of infection figures prob- 
ably present a truer picture of relative susceptibility, than do the ratios 
indicating merely positive and negative results, as the former take into 
account not only the number of trials but also the actual number of rusted 
leaves inoculated. 

Table 1 shows that the nineteen rusts varied in their susceptibility to 
any single isolation. For example, it will be observed that Puccinia Ane- 
mones-virginianae, Puccinia Clematidis, and Uromyces Polygoni were 
relatively the most susceptible, Frommea obtusa and Puccinia poculiformis 
(2) were less susceptible, and that Coleosporium Solidaginis, Kuehneola 
Uredinis, and Puccinia Circaeae were non-susceptible to the attacks of 
isolation No. 2. In the case of isolation No. 8, by the same sort of compari- 
son it will be noted that Puccinia Menthae and Puccinia Malvacearum were 
most susceptible to the attacks of this isolation, while Coleosporium Solida- 
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ginis, Kuehneola Uredinis, and Puccinia Clematidis were non-susceptible. 
Comparing these results it will be seen that the rust species which appear 
to be most susceptible to isolation No. 2, are not necessarily the same 
species that seem to be most susceptible to isolation No. 8. The same is 
true of other examples. 

Interpreting the specialization that is shown from the standpoint of 
the virulence of the Darluca isolations, it will be noted that some isolations 
seemed to be more virulent that others on the nineteen rusts. As shown in 
Table 1, isolation No. 5 was the most virulent, attacking successfully 
thirteen of seventeen rusts inoculated. Isolation No. 8 was somewhat less 
virulent attacking but twelve of seventeen rusts inoculated. Isolation No. 
7 attacked only six out of fifteen, and isolation No. 3—-B attacked six out 
of seventeen rusts, the latter two strains appearing to be the least virulent 
of the eleven. 

If the relative virulence of the different isolations are determined from 
the average percentage of infection figures in the last row of Table 1, it 
will be noted that isolation No. 5 can still be regarded as being the most 
virulent on the nineteen rusts. Isolations No. 12-2 and 2 were somewhat 
less virulent while isolations No. 3—B and 4 proved to be the least virulent 
of the eleven. 

It has been already pointed out that Puccinia Anemones-virginianae, 
Puccinia Clematidis, and Uromyces Polygoni may be considered as being 
the most susceptible of the nineteen rusts to isolation No. 2. It is also 
possible to consider that isolation No. 2 was more virulent on these three 
rusts, less virulent on Frommea cbtusa and Puccinia poculiformis (1) while 
it was not able to attack some rusts at all. It is possible, therefore, to inter- 
pret the results either from the viewpoint of rust susceptibility or from 
the viewpoint of the virulence of the isolations. 

Puccinia Sorghi was found to be a common host for all of the isolations. 
It has been said that Puccinia Sorghi was most susceptible to the attacks 
of isolations No. 3, 5, 6, and 7, less susceptible to isolations No. 2, 3-B, 
and 12-2, but we can also regard isolations No. 3, 5, 6, and 7 as being more 
virulent than isolations No. 2, 3—B, and 12-2 on this particular species 
of rust. 

It is interesting to note that although isolations No. 3, and 3-B were 
made from the same species of rust (Uromyces Silphii) on the same phan- 
erogamic host (Juncus tenuis), but from different localities, they proved 
widely different in their behavior on the nineteen rusts. Since such a differ- 
ence in the virulence of isolations from the same rust species, but from 
widely different localities, has been shown, it would appear that there 
are probably unlimited possibilities for strain differentiation (biological 
specialization). The author (Keener, 1933) has already shown differences 
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in the growth of these two isolations on artificial laboratory media. 

Infections were secured several times on Puccinia Anemones-virgin- 
ianae On Anemone virginiana, on Puccinia Circaeae on Circaea alpina 
(Pl. 25, fig. 8), and on Puccinia Malvacearum on Althaea rosea. It is believed 
that this is the first reported occurrence of D. filum on these rust species. 
In addition, the author has collections of D. filum on the two micro-cyclic 
rusts, Puccinia curtipes on Micranthes virginiensis, and on Puccinia 
Xanthii on Xanthium pennsylvanicum. 

The eleven isolations varied considerably as to their ability to attack 
the three micro-cyclic rust species. The isolations also showed marked 
variability in their relative virulence on these hosts. Isolations No. 1, 3, 
4, 5, 8, and 11-1 successfully attacked both Puccinia Anemones-virginianae 
and Puccinia Circaeae. Isolation No. 8 also attacked Puccinia Malvacearum, 
being the only one of the eleven isolations capable of attacking all three 
micro-cyclic rusts used in this work. Isolation No. 2 attacked only Puc- 
cinta Anemones-virginianae. This strain was not inoculated onto Puccinia 
Malvacearum and lacked the ability to attack Puccinia Circaeae. Isolations 
No. 3-B and 12-2 infected Puccinia Circaeae but did not attack Puccinia 
Anemones-virginianae. Both isolations No. 6 and 7 lacked the ability to 
attack Puccinia Anemones-virginianae and Puccinia Circaeae. In addition, 
isolation No. 7 did not attack Puccinia Malvacearum. The last mentioned 
isolation was the only one of the eleven that lacked the ability to attack 
successfully at least one of the three micro-cyclic rusts. There is thus 
evidence that the isolations show considerable specialization on the micro- 
cyclic as well as the macro-cyclic rusts. 

No correlations were found between the rust genera from which the 
isolations were made and the genera which they were found capable of 
attacking. That is, an isolation from a species of the rust genus Puccinia 
showed no particular tendency to attack only species of that one genus, 
but was also capable of attacking species of the other rust genera used. 
Isolations from macro-cyclic rusts attacked both micro- and macro-cyclic 
forms equally well. Since no isolations were made from micro-cyclic rusts, 
the reverse of this situation was not determined. 

In the case of negative inoculations, the results may have been due to 
(1) the resistance of the rust, (2) a lack of virulence on the part of the iso- 
lation, (3) to a combination of both (1) and (2), or (4) to a combination 
of other factors. No doubt many factors entered into the results of the 
inoculations. The age of the rust sorus appears to be important in deter- 
mining the susceptibility of a rust. In the case of macro-cyclic species it 
was noted that both the youngest and the oldest uredinia were free from 
infections, while those sori which appeared to be in a mid-developmental 
stage were heavily infested. It appears that the latter sori are the most 
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susceptible to attack. This condition, although much more difficult to 
determine, seemed to prevail in field collections of D. filum on such rusts. 
For example, on Puccinia obscura, a rust which is commonly heavily 
infested with the parasite, the oldest, rusted leaves never showed fresh 
Darluca infections. The parasite, when present on leaves in such a con- 
dition, has probably invaded the rust before the leaves have died off. In 
the greenhouse, rusts on dead leaves of both corn and timothy could not 
be infected when sprayed with conidial suspensions from isolations No. 1 
and 8. In all of the rust inoculations, the dried, older sori were never at- 
tacked by the parasite. This is probably due primarily to the condition 
of the rust itself, and not to the lack of virulence on the part of the isola- 
tion. 

Another possible limiting factor to infection, is the type of sorus pro- 
duced by certain species of rusts. Puccinia poculiformis (2) on Poa com- 
pressa, produces a more or less compact, cushion-shaped sorus. As has 
already been pointed out this rust was not attacked by any of the isola- 
tions. It is possible that this type of sorus is so constructed as to preclude 
any possibility of invasion. The caeoma type sorus, as produced by Coleo- 
sporium Campanulae and Coleosporium Solidaginis appears to be com- 
paratively resistant to parasitic attack at all stages of development. 
Although infections of this sorus type were secured on Coleosporium Solid- 
aginis in greenhouse inoculations with isolations No. 3 and 6, and although 
field collections of the parasite on both Coleosporium delicatulum on 
Euthamia tenuifolia and on Coleosporium Solidaginis on Solidago sp., were 
made, the numerous negative trials on the latter rust species would seem 
to indicate that this type of sorus is comparatively resistant. Kuehneola 
Uredinis also proved somewhat resistant to invasion by D. filum. Here 
again, it appears that the type of sorus is the factor governing the sus- 
ceptibility to invasion. While it is the writer’s opinion that the type of 
sorus in these rust species, is to a large extent responsible for the results 
noted, there is little actual proof of this. It may well be that many other 
factors are involved. 

The method of inoculation may also be a factor in determining rust 
susceptibility. It seems possible that inoculations on such rust species as 
Puccinia poculiformis (2)on which ordinary methods failed to give positive 
results, might be made successful by the use of the hypodermic syringe 
method. Time did not permit the carrying out of this method on this 
particular species of rust, but if the type of sorus is such that it serves as a 
protection against infections from outside sources, and if the parasite can 
subsist on the rust hyphae as well as on the rust spores, then it might be 
possible to infect such a rust by the introduction of Darluca conidia into 
the host plant directly. Under any conditions, the success of the hypoder- 
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mic syringe method no doubt depends to a large extent on the type and 
texture of the phanerogamic host. For instance, an inoculation into a hard, 
woody plant would no doubt result only in damage to the needle. The 
author suggests that in future work on biological specialization among the 
parasitic fungi, this method of inoculation should be investigated further. 

Fluctuations in temperature had some effect on the amount of infec- 
tion secured. However, at no time throughout the entire course of the 
inoculation work, did any strain giving positive results on a particular 
species of rust at one temperature, fail to give the same result on the same 
rust species, at another temperature. Dates of inoculations were recorded, 
and in general it may be said that the best and most uniform infections 
were secured during periods of comparatively low greenhouse tempera- 
tures. 

An indirect factor governing the susceptibility of certain rusts may be 
the general condition of the phanerogamic host as expressed by the condi- 
tion of the rust. Not only was the completion of successful inoculations 
more difficult, but also isolations of the parasite from field materials were 
harder to obtain, when the phanerogamic hosts were in a semi-wilted con- 
dition. The condition of the host plant in such a situation no doubt affects 
the viability of both the rust and the Darluca. 

The pycnidia of the parasite are very often embedded in the spore mass 
of the rust sorus and are consequently macroscopically invisible (Pl. 25, 
fig. 8). Such a condition was particularly noticeable in greenhouse cultures 
of D. filum on Puccinia Anemones-virginianae, Puccinia Circaeae, and Puc- 
cinia Malvacearum of the micro-cyclic species, and on Puccinia poculi- 
formis (1), Uromyces caryophyllinus, and Uromyces verruculosus of the 
macro-cyclic rusts. In order to avoid erroneously reporting a negative re- 
sult in such cases, loose spores were scraped from the rust sori before exam- 
ining the material under the binoculars. In this manner the pycnidia were 
made at least partially visible. The occurrence of embedded pycnidia may 
possibly explain the lack of reports of D. filum on certain rust hosts. 

Biological Specialization. Arthur (1929) has stated “Apparently some 
species of rusts are more susceptible to parasitic attack than others. 
Uromyces Junci and other species on Juncus are especially invaded and 
often to such an extent that the formation of teliospores is much restricted, 
and the same is true of some species of Puccinia on Carex.’’ Whether or 
not the author had biological specialization in mind when this statement 
was written, is questionable. However, the results of inoculations herein 
reported, with various isolations of the rust parasite, Darluca filum, show 
that in reality some rusts are more susceptible than others. 

The author believes that the results of his inoculations show that D. 
filum consists quite definitely of many different strains. It seems evident 
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that since the eleven isolations all proved distinct in their choice of rust 
hosts, so far as this work is concerned, we can discern eleven strains of 
the parasite. 

The degree of specialization is not as great as in the case of the natural 
Darluca hosts—the rust fungi. Many species of rusts show a compara- 
tively limited choice of their phanerogamic hosts. Such was not the case 
with the isolations of the parasite. While the eleven isolations did prove 
more or less dissimilar when compared with each other, any particular 
strain showed a comparatively wide range of potential rust hosts. 

Biological specialization is of widespread occurrence throughout both 
animal and plant kingdoms and it is well-known among many of the fungi. 
The rusts are recognized as one of the most highly specialized groups of 
parasitic fungi and there is a high degree of differentiation within their 
genera and species. Up to this time, the rusts have never been grown on 
synthetic laboratory culture media. In spite of the apparent constant as- 
sociation of D. filum with rusts, it seems quite evident that this parasite 
is not as highly developed parasitically as are the rusts themselves. The 
culturing in the laboratory of isolations of D. filum, and the tendency 
among them to infect more than a single rust host, seems to warrant such 
an assumption. 

It has been previously pointed out that all of the isolations attacked 
Puccinia Sorghi. Perhaps after many more isolations have been made, a 
strain that will not invade this rust will eventually be found. It is 
also probable that in view of the inoculation results with isolations 
No. 3 and 3-B, that after further isolations have been completed from the 
same rust in widely-separated localities, many intergrading forms will be 
found to exist. If such is the case, then strain differentiations will become 
far more difficult. The author is of the opinion that further strain differ- 
ences may be sought from two sources. Additional strains may be expected 
on different species of rusts, and also on any single rust species in widely 
separated localities. 

With the exception of the production of a stroma by isolations No. 
11-1, 11-2, and 12-2 both in the field and in culture, no appreciable mor- 
phological differences between the isolations, could be detected. It seems 
highly possible that D. filum is the only valid species of the genus Darluca 
and is composed of many strains differing from each other in various de- 
grees, but not sufficiently divergent to be classed as biological forms. 

The author is greatly indebted to Dr. H. W. Thurston, Jr., of the De- 
partment of Botany, The Pennsylvania State College, for his helpful advice 
in the carrying out of the experimental work and in the preparation of 
this manuscript; to Dr. L. O. Overholts and J. W. Sinden, also of the same 
department for their criticisms in the preparation of the manuscript; to 
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Dr. C. R. Orton of the University of West Virginia, Morgantown, for the 
collection of the material from which isolation No. 3-B was made; and 
to W. L. White, a graduate student in the Department of Botany, The 
Pennsylvania State College, for some of the rust determinations mentioned 
herein and the collection of the material from which isolation No. 2 was 
made. 

SUMMARY 


1. This paper reports the results of greenhouse cultures with nine coni- 
dial isolations of Darluca filum. Inoculations with two isolations (one from 
conidia and one from ascospores) of a fungus found on Puccinia obscura 
on Juncoides campestre and on Puccinia Peckii on Carex normalis, in Penn- 
sylvania, are also recorded. (See footnote, p. 477.) The latter fungus was 
found to be producing pycnidia and conidia of the D. filum type, and in 
addition, perithecia, asci, and ascospores, resembling those of Eudarluca 
australis Speg. 

2. A total of 175 greenhouse inoculations onto 16 macro-cyclic and 3 
micro-cyclic rusts were made with eleven of the thirteen isolations. Of 
these 101 proved to be positive while 74 gave negative results. Of the 175 
inoculations, 149 were made on the 16 macro-cyclic rusts, of which 85 
were positive and 64 negative. Of 26 inoculations on the 3 micro-cyclic 
rusts, 16 were positive and 10 gave negative results. 

3. The specialization shown is interpreted in two ways: first, from the 
point of view of the relative susceptibility of the rusts, and second, from 
the point of view of the relative virulence of the isolations. 

4. Two methods of measuring relative susceptibility and relative viru- 
lence are discussed. 

5. Puccinia Sorghi was the only rust attacked by all of the isolations 
and Puccinia poculiformis (2) was the only rust not attacked by any of 
them. The other rusts showed degrees of variation between these two ex- 
tremes. 

6. It is the author’s opinion that the results of the greenhouse inocu- 
lations give evidence of the existence of eleven distinct strains of D. filum. 

7. The degree of specialization is probably not as great as in the case 
of the natural Darluca hosts—the rust fungi. 

8. Infections were secured several times on the three micro-cyclic rusts, 
and it is believed that this is the first adequate account of attack of these 
rusts by D. filum. 
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Explanation of plate 25 


Photomicrographs of free-hand sections of Darluca filum. Magnification 
(with exception of Fig. 5) 214. 


Fig. 1. Cross-section through innate pycnidia on Puccinia Asparagi. 

Fig. 2. Superficial pycnidia on Puccinia Sorghi. Section of material from a positive 
inoculation. 

Fig. 3. Cross-section through an erumpent pycnidium on Uromyces Silphii on 
Juncus tenuis. 

Fig. 4. Superficial pycnidia, showing fusion at the bases on Uromyces Silphii on 
Juncus tenuis. 

Fig. 5. Cross-section through a pycnidium showing the production of conidia from 
the pycnidial wall cells. Material on Puccinia obscura on Juncoides campestre; X445. 

Fig. 6. Cross-section through pycnidia on Puccinia epiphylla on Poa pratensis. 
Northern collection (Keener, No. 112432-D). 

Fig. 7. Cross-section through pycnidia on Puccinia tubulosa on Paspalum Hum- 
boldtianum. Collection from Venezuela, South America (Chardon, Toro, and Alamo, 
No. 345). 

Fig. 8. Cross-section showing pycnidia embedded in spore mass of Puccinia Cir- 
caeae on Circaea alpina. Material from a positive inoculation. 
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A study of pollen-tube behavior in Lilium regale Wil. 


EsTELLA HUMPHREY 
(WITH TWO TEXT-FIGURES) 


Lilium regale Wil. was first introduced into this country from Western 
China by E. H. Wilson of the Arnold Arboretum. It is a perennial which 
can be propagated by crown-branching, by rhizomes, or by seeds. Seeds 
ripen normally in the climate of New England (Wilson, 1925)—a statement 
that can be made for no other species of its class; and a filial generation will 
mature within two years. 

Although the flowers of all lilies provide excellent material for studies 
on pollen-tube growth, those of Lilium regale are particularly favorable 
to such work, owing to the great size of the pistil and the prolific flowering 
habit. The subulate, often slightly curved, style expands into a capitate 
three-lobed stigma, the surface of which is covered with large papillate 
cells. The center of the style is characterized by an open three-angled canal 
extending throughout its entire length. After germination, the pollen tubes 
push between the cells of the stigma to the stylar canal, down the inner 
surface of which they proceed unhindered by obstructing tissue. The total 
length of the style to the uppermost ovule may reach 100 mm. As many as 
27 flowers have been noted on a single stem under cultivation, although 
plants growing in the wild seldom produce more than one-fourth this num- 
ber. 

The biology of reproduction in this species has been studied only by 
Stout (1922) at the New York Botanical Garden. He found that the plants 
were preponderantly self-incompatible. Of the ten plants tested, nine were 
self-incompatible, while one was self-compatible. Cross pollinations some- 
times succeeded and sometimes failed. 

The plants used in the present study were raised from bulbs obtained 
from a local seed house. These bulbs appear to have been derived from 
seed borne on plants chosen for their self-incompatibility. 

Preliminary test pollinations on flowers growing in the open showed 
varying results due to the changes in temperature. Pollen-tube growth 
was slower under cool cloudy conditions than on warm sunny days, and 
slower during a cool night than during the day. Consequently the studies 
were carried on in a constant temperature chamber. 

Care was necessarily taken in the emasculation process, not to tear or 
to spread the young undeveloped flower parts. Careless handling resulted 
in an apparent retardation of growth on the part of both the pistil and the 
pollen tubes. Emasculation made too far in advance of the dehiscence of 
the anthers gave the same retarding effects. For this reason it was neces- 
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sary to emasculate the flowers just prior to the dehiscence of the anthers. 
The question arises as to the actual cause of this retardation of the de- 
velopment of the pistil. It seems probable that it is not caused by the dis- 
turbance to the flower as a whole, but rather that, through the removal of 
the anthers, some part is taken away which is important for normal de- 
velopment of the pistil. 
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Fig. 1. Pollen-tube growth at 25°C. in cross-pollinations of L. regale. The solid line 
indicates the average growth of the three crosses. 


As a rule, ten flowers of a single clon were picked, pollinated, and placed 
in a chamber where the humidity was uniform and the temperature was 
held continuously at 25°C. This manipulation was done at 9:00 a.M., since 
at this time the pistils were receptive to fertilization. The pollen was ap- 
plied with camel’s hair brushes to insure an even distribution on the stigma. 
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Pollen-tube growth in the pistils was studied every 6-8 hours over a 
period of 48 hours, or until fertilization occurred. A method of direct 
dissection and staining was employed. To facilitate handling in dissection, 
the styles—usually 80 mm. in length—were cut into 10 mm. sections. Each 
piece was then split longitudinally, spread flat on a slide, and stained with 
a few drops of aceto-carmine (saturated solution in 45% acetic acid. See 
Chandler, 1931). A second slide was pressed down upon the section, and 
the preparation was complete. When examined under the low power of a 
microscope, the extent of pollen-tube growth was readily determined. 

Individual plants, or possibly clons, of Lilium regale differed in the rate 
of pollen-tube growth when selfed. Most of the plants were self-fertile, 
setting full capsules. Plant No. 5 selfed, however, showed a tendency to- 
ward self-sterility both in the pollen-tube growth and in the number of 
seeds set (East and Park, 1918). Figure 2 represents the growth curve of 
pollen tubes in this plant and also that of a selfed self-fertile plant. The 
latter is the only case found where there appeared to be a tendency for 
accelerated pollen-tube growth. Controlled selfings on the self-sterile 
plant produced seed capsules one fourth to one third normal size. 

Cross pollinations gave generally similar results, as is seen in text- 
figure 1. Length plotted against time gives a straight line in which x =}y; 
or, in simpler terms, the tubes grew 2 mm. an hour. Only slight variations 
occur among individual plants. In figure 2, the solid line shows the average 
of the three broken lines in the figure. The closeness of the fit to a straight 
line in each case is readily apparent. In the case of delayed pollination (3:00 
P.M. instead of 9:00 a.m.), the pollen tubes grew somewhat more slowly dur- 
ing the first 8 hours and then continued at a more rapid and normal rate 
until they entered the ovary. 

The normal time of fertilization in selfed plants of L. regale is 36-40 
hours after pollination. Should the growth of the pollen tubes be slowed 
down for any reason so that they do not reach the ovary in the time 
specified, the flower wilts, and fertilization fails. It follows that some pol- 
linations may succeed and some fail on any given plant. As indicated by 
the curves in text-figure 2, the pollen-tube growth in the self fertile plants 
progressed at a constant rate. In the self-sterile plant, however, pollen- 
tube growth was much retarded. This is clearly indicated by the curve. 
After 34 hours the pollen tubes had progressed only 30-34 mm., or less 
than half the length of the style. At this rate, the tubes could never reach 
the ovary before the flower had wilted. 

East (1934a, b) has shown that there are two major types of reaction 
affecting pollen-tube growth in the self-sterile plants of Nicotiana which he 
studied. The first is a simple nutritive reaction which produces a constant 
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growth-rate. The second is a reaction resembling that found in certain 
immunological processes. In this type a definite retardation occurs in in- 
compatible matings due to mutual reactions between substances produced 
by the stigma and substances produced by the pollen tube. The accelera- 
tion which appears when compatible matings are made is apparently the 
reverse of the same reaction. Lilium regale shows a similar behavior. In 
addition, it is shown here that cross-pollinations as well as self-pollinations 
— 80 
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Fig. 2. Pollen-tube growth at 25°C. in two selfed plants of L. regale. A is self-sterile. 


may exhibit the simple nutritive reaction which leads to constant growth 
of the pollen tubes. It is an interesting situation rather different from that 
ordinarily found in growth studies where there is an accumulation of ad- 
verse factors which gradually bring growth to an end. Of course it should 
be noted that the earliest portions of the straight-line curves must, in 
reality, show acceleration; but growth is constant from a period of about 
four hours after pollination until fertilization. 
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Identification, by leaf structure, of the species of Abies 
cultivated in the United States 


Epmunp H. FuLiinc 
(WITH PLATES 26-32) 


INTRODUCTION 


The work reported in this paper was undertaken with a fourfold pur- 
pose: 

1. To determine whether or not anatomical specificity exists, to any 
degree whatsoever, within the structure of the leaves of various kinds of 
fir. 

2. If at least some such specificity be indicated to determine to what 
extent, if any, structural variation might preclude taxonomic use of foliar 
anatomy among these plants. 

3. If sufficient specificity without invalidating variability be found, to 
prepare a key to the species of fir cultivated in the United States, the key 
to be based, primarily, upon leaf anatomy and supplemented only where 
unavoidable by external morphological characters of the leaves. 

4. To prepare, in any event, a series of photomicrographs of cross 
sections of as many specific kinds of fir leaves as can be authentically 
identified representing the species cultivated in this country. 

Concerning the first of these objectives, an examination of the litera- 
ture upon the subject as well as the original work presented in this paper 
furnish an unequivocal affirmative answer. Concerning the second, dif- 
ferences of opinion have been expressed by previous workers and within 
the present paper is an evaluation of their findings in the light of the work 
herein reported. The third and fourth objectives constitute the principal 
part of this paper and merit no further comment here. 


GENERAL DISCUSSION OF THE ANATOMY OF FIR LEAVES 


The tissues of fir leaves, members of the genus Abies, may conveniently 
be considered under three different categories. 

First, dermal] tissues bound the leaf and in all cases consist of at least 
the epidermis, a single peripheral layer of cells, continuous except for sto- 
matal openings. Externally, this layer is overlaid by a cuticular secretion 
which contributes to the general xeromorphic nature of the leaves by virtue 
of its universal presence, relative thickness and surprising toughness; the 
last-mentioned quality is especially noticeable in the difficulties inherent 
in paraffin sectioning of the mature organs. The stomatal apertures, ac- 
cording to the species, occur either only on the lower or on both surfaces 
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of the leaves. In either case, they occur in closely set parallel rows which 
on the lower surfaces generally appear as two whitish bands, one on each 
side of the midrib. In some, but not all, species there is next to the epi- 
dermis and constituting part of the dermal tissues, another layer or two of 
cells known as the hypoderm. The cell walls of this layer are generally 
thickened, in some species very conspicuously so, and through these walls 
radiating canals may usually be observed. When present and according to 
the species this layer is either continuous all around the leaf except directly 
beneath the stomata or it is more or less discontinuous because of inter- 
ruptions by protrusions of mesophyll cells. When the layer is discontinu- 
ous the cells that do occur usually lie along the lateral margins of the leaf 
and in the center along both sides; also frequently elsewhere just within 
the epidermis. Regardless of the degree of continuity of this layer, it is 
either single-celled in thickness or two or three cells thick; the greater 
thickness, when present, is particularly well developed along the lateral 
margins and in the center along both sides. Physiologically, the hypoderm 
is the sclerenchymatous layer, providing partial protection against injury 
and extreme dessication. The epidermis shares in these functions. 
Secondly, within the hypoderm is located the bulk of the leaf, the 
mesophyll tissue. Its constituent cells are relatively large and thin-walled 
as compared with those of the dermal tissues and are abundantly supplied 
with chloroplasts, for in these cells lies the power and function of photo- 
synthesis. Physiologically, they constitute the chlorenchyma. This meso- 
phyll chlorenchyma generally exhibits the two categories of palisade and 
spongy tissues; along the upper surfaces of the leaves and extending to the 
lateral margins the mesophyll cells are elongated and in vertical alignment . 
for one or two rows; elsewhere, they are more rounded and irregularly dis- 
posed. The latter, constituting the spongy mesophyll, enclose many regu- 
larly arranged intercellular spaces which in cross sections appear as masses 
of torn tissue. In longitudinal sections, however, the spaces clearly alter- 
nate with strands of mesophyll. Within the mesophyll and to each side of 
the center is a resin canal; two canals per leaf are strikingly constant, more 
or fewer being anomalous though one species, A. firma, frequently exhibits 
four. The canals vary in diameter and location, according to the species, 
lying either against the dermal tissues, when they are known as marginal, 
or more or less within the chlorenchyma, being then designated as median. 
Thirdly, through the center of the leaf and surrounded by the chloren- 
chyma extend the vascular and associated tissues which constitute the 
vein. They are separated from the mesophyll proper by a more or less dis- 
tinct circular layer of cells, the endodermis, whose function in plants has 
long been a subject of much discussion. Within the endodermis, but not 
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occupying the entire space, are two strands of vascular tissue, more or 
less separate, according to the species, and entirely coalesced into one only 
in Abies nobilis; Abies magnifica very closely approaches the same con- 
dition. Each such strand consists of xylem cells on the upper half and 
phloem on the lower. Surrounding them, merging with them and filling 
the remainder of the space withir. the endodermis are the larger irregularly 
shaped cells of the pericyclic region. Within this region there occur, in some 
species, more or less distinct and sometimes very abundant and conspicu- 
ous thick-walled cells. Only in A. firma do such cells occasionally occur 
also in the chlorenchyma, at least sufficiently frequent to be of diagnostic 
value. 

In brief, the contrasting features which appear sufficiently marked 
within the anatomical composition of fir leaves to be of taxonomic value as 
determined in this work and upon which the proposed key is based are: 


Presence or absence of stomata on all surfaces of the leaves. 
Presence or absence of hypodermal cells. 

Continuous or discontinuous nature of hypoderm. 

Moderate or excessive thickness of hypodermal cell walls. 

One, two or more layers of cells in hypoderm. 

Marginal, sub-marginal or median position of resin canals. 

Size of resin canals. 

Fused, slightly separated or distinctly separated nature of the two 
vascular strands. 

Presence or absence of thick-walled cells within the pericyclic 
region. 

10. Moderate or striking occurrence of these cells. 

11. Presence or absence of thick-walled cells in the chlorenchyma. 

12. Number of lines of stomata per band on leaves. 

13. Thickness of epidermal cell walls. 

14. Contrasts in shape of cross sections. 


CNIAMN PWN 
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REVIEW OF THE LITERATURE 


Thomas (1865) appears to have been the first to attribute taxonomic 
importance to the anatomy of coniferous leaves. He published a general 
discussion of the tissues involved describing, in particular, the epidermis, 
hypoderm, parenchyma, vascular bundle and resin canals. In addition, he 
discussed the more particular anatomy to be found in the leaves of the 
Cupressineae, Abietineae, Araucarineae, Podocarpineae and Taxineae. 

Bertrand (1871) went a step further and published, not only a short 
general as well as a specific discussion of leaf anatomy among the firs, but 
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formulated a key to eighteen species based wholly upon foliar morphology. 
Three years later the same author presented a larger treatment of the 
subject covering the Gnetales and Ginkgoales as well as some twenty-five 
genera of the Coniferales. In it appeared a revision of his earlier key to the 
firs. This first attempt to distinguish species of conifers by their leaf struc- 
tures contained several errors and, as Viguié and Gaussen (1929) remark, 
it is more of historical interest than scientific importance. 

McNab (1875-1877), in a series of papers, gave a revision of the genus 
A bies and discussed the foliar anatomy of several particular species. 

Engelmann (1878) appears to have been the first to consider, in particu- 
lar, the foliar anatomy of the American firs. He prepared a rather detailed 
study of them including an anatomical key. 

Fedtschenko (1879), apparently having implicit faith in the taxonomic 
value of leaf anatomy, founded a new species, A. Semenovii, upon such 
criteria. Beissner (1898), however, criticized this work and Fedtschenko’s 
species has since been disregarded. 

Medwedew (1880) studied only A. Nordmanniana. Meyer (1883) was 
impressed by the taxonomic significance of the resin canals in the leaves. 
Masters (1889 and 1891) made further general and specific observations. 
Trabut (1889) studied four Mediterranean species and published very 
fine plates of their foliar anatomy. Some years later (1906 and 1928) he, 
like Fedtschenko, appears to have established a new species, A. Marocana, 
partly at least upon leaf structure. 

After Engelmann, Lemmon (1889-1890) was the next American writer 
to discuss leaf anatomy, which he did in connection with a very excellent 
report upon all the conifers of California. 

Daguillon (1890), in a series of articles, furnished considerable data 
upon the subject. The following year Van Tieghem (1891) did likewise 
and, in addition, formulated an anatomical key to twenty-five species. 

Sargent (1892), in his classic “Silva,” was the third important American 
contributor. Bastin and Trimble (1896) next took up the American side 
of the investigations and in a series of articles published data and pictures 
of fir-leaf anatomy. Hickel (1906 and 1908) made extensive studies of the 
genera in the Abietineae and formulated keys to the species, based partly 
upon leaf anatomy. Guinier and Maire (1908) made various allusions to the 
leaf anatomy of the Mediterranean firs. Lamb (1912-1914) did likewise 
in the case of the American species. The extensive bulletin by Zon (1914) 
upon the balsam fir naturally also contained anatomical data. Bode (1914) 
gave some consideration to an unimportant species, A. Nebrodensis. Sharp 
(1915), who published anatomical studies of all the native genera, appears 
to have been the fifth to give serious attention to the American conifers. 
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The paper by Durrell (1916) is valuable because of its drawings of every 
species. Sudworth (1916) continued these considerations with his dendro- 
logical bulletin. Pujuila (1921) studied some varieties of the Spanish fir. 
Mattfeld (1925) published a valuable paper with anatomical, distribu- 
tional and other considerations of the Mediterranean firs. In Japan two 
studies upon the subject in hand have been made, those of Ohki (1925) 
and of Hayata and Satake (1929). The establishment of the two latest 
species to be added to the genus A dies was based partly upon leaf anatomy 
by Gaussen (1928) and by Flous and Gaussen (1932). 

Finally, the most extensive morphological study of the firs is the revi- 
sion of the genus by Viguié and Gaussen (1928 and 1929). In this mono- 
graphic work 52 species and 12 varieties of fir are morphologically de- 
scribed with respect to leaves, branches, buds, flowers and cones. For some 
reason, a bibliography very unfortunately does not accompany this paper 
though an extensive review of literature is included. 

Certain histological regions within the leaves of firs have received 
special attention in attempts, not only to describe them anatomically but, 
more important, to discover their functions and phylogenetic importance. 
Soar (1922) published a worthy contribution in this respect upon the endo- 
dermis in the leaves of the Abietineae. Among her observations the one 
most pertinent to the problem in hand probably is that hypodermal tissues 
in the leaves of Picea and Abies are most strongly developed near the bases 
where there is incomplete development of the endodermal sheath. This 
fact emphasizes the necessity, for taxonomic purposes, of considering foliar 
cross sections from the middle of the leaf and not near the base. 

Within the endodermis, as already indicated, is located the vascular 
tissue consisting of both xylem and phloem cells surrounded by the larger 
and looser cells of the pericyclic region. In gymnospermous leaves varying 
amounts of this region are occupied by short parenchymatous tracheids 
possessing bordered pits. Such cells constitute the so-called “transfusion 
tissue”’ which, according to Haberlandt, is poorly developed in Abies but 
greatly in Pinus. The interpretation, functionally and phylogenetically, 
of this transfusion tissue has engaged several investigators. Frank (1854) 
appears to have first observed it in Taxus baccata where he regarded it as 
arising from the bundle proper. 

From that time until 1913 a number of contributions with conflicting 
ideas were published by Thomas, von Mohl, Bertrand, de Bary, Zimmer- 
man, Scheit, Vetters, Daguillon, Van Tieghem, Lignier, Worsdell, Bernard, 
Chauveaud, Carter, and Takeda. In brief, their ideas represent two schools 
of thought, the one regarding transfusion tissue as centripetal xylem and 
a part of the vascular bundle itself, the other looking upon it as pericyclic 
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or parenchymatous in origin. Concerning the function of the tissue some 
have held it to be for storage, others as an auxiliary conducting system. 

Chauveaud (1904), concerning himself with the double nature of vascu- 
lar bundles in the leaves of firs and pines, decided, in the cases of A. ven- 
usta and A. Pinsapo, that the vascular strand is at first undivided and be- 
comes divided during the course of development through secondary modi- 
fications. Hill and de Fraine (1908 and 1909), as well as Hickel (1911), 
studied, among other features, cotyledons of the firs. Gyorffy, in a number 
of articles, was interested in the occurrence and morphology of double 
needles. Stomata occupied the attention of Wilhelm (1883), Hildebrand 
(1860) and Mahlert (1885). F. Darwin (1887) was concerned about the 
relation between “bloom” and stomata. Florin (1932) discusses stomata in 
his recent paleobotanical studies. 

The influence of environmental conditions upon the anatomy of fir 
leaves has not been overlooked. Hartmann (1892) and, to a more informa- 
tive degree, Anderson (1897), were concerned with abnormal foliar an- 
atomy resulting from pathogenic infection. Climatic influences upon foliar 
anatomy engaged the attention of Areschoug (1882) in a general way. Mer 
(1883) was concerned with similar influences of light and shade upon the 
leaves of Norway spruce. Noack (1888) was interested in the influence of 
climate upon cuticularization and Hessmer (1916) studied the differences 
between exposed and shaded leaves of evergreens. Taubert (1926) pursued 
similar investigations upon the leaves of A dies in one of the best contribu- 
tions upon the subject. Liese (1929) and Mussiuk (1932) observed similar 
differences in the Scotch pine. 

Dependability of anatomical features for taxonomic purposes has been 
implied if not directly defended in every work proposing keys. It is obvious 
that to those sharing this viewpoint structural constancy of foliar organs 
appears greater than any variability that may at the same time occur in 
them. Other observers, however, impressed more by exceptions to the rule 
regard foliar structure as unreliable for purposes of determination. Von 
Wettstein (1887), apparently writing of Austrian plants, said the conifer- 
ous species of his flora could be more accurately determined by foliar an- 
atomy and that such examination presents the surest means of recognizing 
hybrid forms. Masters (1891) admitted that some anatomical features 
possess diagnostic value to a certain degree. Petunnikov (1900), however, 
impressed by the work of Duval-Jouve (1875) upon the grasses and by 
that of Bertrand (1874), Koehne (1893) and Fedtschenko (1898) upon 
Abies, denies any such value. Fritsch (1903) discusses this matter in a 
general sense and makes the following statement which expresses the view- 
point adopted by the present writer in undertaking the work in hand: “In 
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no case can one depend on anatomy alone in generic and specific distinc- 
tion, but if we take it hand in hand with the external characters we shall 
very frequently find that the two supplement one another in a most agree- 
able manner.”’ Hamilton (1916) wrote about the instability of leaf mor- 
phology in its relation to taxonomic botany. Maleev (1929) expresses 
other views. 

Gauba (1927) writes of ““Metakutisierung”’ of resin canals, probably 
meaning cuticularization of their walls and says that examination of 27 
coniferous genera with over 100 species indicates that this feature possesses 
no systematic value. 

Several other genera of plants have also been investigated with refer- 
ence to their foliar anatomy. Among the angiosperms only the early and 
recent very extensive studies of Duval-Jouve (1875) and Prat (1932) upon 
the grasses can be mentioned. Every family of the gymnosperms appears 
to have received attention, and of the genera most closely related to Abies 
the following studies deserve recognition. 

Pinus: McNab (1875), Purkyne (1875), Menge (1878), Engelmann 
(1880), Mahlert (1885), Coulter and Rose (1886), Van Tieghem (1891), 
Bastin and Trimble (1897), Masters (1904), Pardé (1912), Shaw (1914), 
Doi and Morikawa (1929), Hayata and Satake (1929), Grigorieva (1930), 
Harlow (1931), Fieschi and Gaussen (1932), Fieschi (1932), and Suther- 
land (1934). Among these, the works of Harlow and of Sutherland are most 
worthy of consideration because of their specific descriptions, anatomical 
keys and photomicrographs. The so-called pines of Australia, which in- 
clude a number of southern hemisphere gymnosperms, none of which be- 
long to the genus Pinus, are extensively treated by Baker and Smith 
(1910). 

Picea: Brunet (1866), Bastin and Trimble (1897), Hayata and Satake 
(1929), Gaussen and Lacassagne (1930) and Marco (1931), Tsuga: McNab 
(1876), Bastin and Trimble (1897). Pseudotsuga: McNab (1876), Koch 
(1877), Flous and Gaussen (1932). Taxodium: Coulter (1889). Cupressus: 
Maxwell (1896), Camus (1914). Torreya: Hayata and Satake (1929). 
Sciadopitys: Hayata and Satake (1929). Juniperus: Hayata and Satake 
(1929). 

In addition to all the above-mentioned more or less special contribu- 
tions upon the subject in hand, one finds abundant taxonomic reference to 
foliar anatomy of firs in many general treatises. Among these are those of 
Carriére (1855 and 1867), Mayr (1890), Beissner (1891, 1899, 1909, 1930), 
Koehne (1894), Sargent (1898, 1905 and 1916), Elwes and Henry (1909), 
Pardé (1913), Clinton-Baker (1913), Wilson (1916), Coltman-Rogers 
(1920), Dallimore and Jackson (1923), Bailey (1923), Engler and Prantl 
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(1926), Rehder (1927), Fitzpatrick (1929) and Mattfeld (1928 and 1930). 

Numerous general remarks, not especially taxonomic but otherwise in- 
formative, have come to the writer’s attention in the following references: 
Goeppert (1841), DuHamel (1777), Zuccarini (1843), Schacht (1853), 
Hempel and Wilhelm (1889), Masters (1880 and 1891), Dammer (1900), 
de Bary (1884), Feustel (1921). 


PROCEDURE 


Sources and selection of material 


To determine what species of fir are in cultivation in this country Reh- 
der’s list was originally accepted. In the recent edition of Bailey’s manual 
(1933), which appeared during the course of this investigation, one more 
species, A. religiosa, is described which was not included in earlier editions 
of either work. Of the 38 species thus listed as being cultivated, some are 
not yet extensively grown. These, however, have been included in the 
present study because of the prospects of their increased use in horticul- 
ture. Varieties have been omitted principally because of their relative un- 
importance and the added complications their inclusion might have caused. 

In the belief that fresh living leaves would offer more natural objects 
for study, efforts were made to secure, so far as possible, such material. 
Local pineta presented the most immediate sources in this respect. From 
the following collections, accordingly, living material of almost every 
species reported to be in cultivation was secured: 


Arnold Arboretum, Jamaica Plain, Mass. 
Pinetum of the New York Botanical Garden. 
Pinetum of Childs Frick, Roslyn, N.Y. 

Pinetum of T. A. Havemeyer, Brookville, N.Y. 
Pinetum of R. H. Montgomery, Cos-Cob, Conn. 
Pinetum of A. G. Hodenpyle, Locust Valley, N.Y. 
Pinetum of W. R. Coe, Oyster Bay, N.Y. 
Pinetum of George Brett, Fairfield, Conn. 


In addition, requests for material were sent to forest supervisors and 
other persons in similar positions scattered throughout the western states. 
By their kind assistance fresh specimens of our native species, packed in 
damp moss or other suitable moist substance, were thus secured. The 
letters sent to these various persons, in addition to stating the nature and 
purpose of the request, were accompanied by mimeographed sheets to be 
filled in by the collector for the purpose of furnishing information con- 
cerning the geographical and altitudinal locations of the trees sampled and 
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material: 


Species 


arizonica 


amabilis 
balsamea 


Fraseri 


grandis 


concolor 





lasiocarpa 





magnifica 


nobilis 
venusta 
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Elevation 


9000’ 


8500’ 


8000’ 
9000’ 
7000’ 
6600’ 


7500’ 
8000’ 
9200’ 
8500’ 
7200’ 


7500’ 
7600’ 


whether each twig sent was secured from the lower sunny, lower shaded, 
upper sunny, or upper shaded side of the tree. These four classes of twigs 
from each tree were especially requested because the writer wished to 
determine, so far as was practically possible, if there might be sufficient 
anatomical variation within these parts of the tree to discredit any other- 
wise apparently valid distinguishing features. The cooperation on the part 
of the persons solicited was especially gratifying, furnishing the following 


Location 


Beaver Creek Reservation, Rio 
Grande National Forest, Arizona. 
Vancouver Is., B.C., Canada. 
Ottawa, Canada. 

Moore Factory, Canada. 

North Carolina. 

West Virginia. 

Vancouver Is., B.C., Canada. 
University of California campus. 
Wenatchee Mts., Washington. 
Alamo Camp, Rio Grande National 
Forest, Arizona. 

Cloudcroft, New Mexico. 

Manti National Forest, Utah. 
Manti National Forest, Utah. 
Manti National Forest, Utah. 
Sequoia National Forest, Cal. 
Heber, Utah. 

Albuquerque, New Mexico. 

Gallitin National Forest, Mont. 
Sawtooth National Forest, Idaho. 
Medicine Bow National Forest, Wy. 
Manti National Forest, Utah. 
Targhee National Forest, Idaho. 
Heber, Utah. 

Vancouver Is., Canada. 

Sequoia National Forest, Cal. 
Sequoia National Forest, Cal. 
Wenatchee Mts., Washington. 
University of California campus. 
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Lastly, the writer personally secured specimens of A. balsamea from 
Livingston Manor in the Catskill Mts. of New York and from the Douglas 
Lake region of northern Michigan; also A. Fraseri from the northern limits 
of its range in West Virginia. 


Determination of species 


Inasmuch as the value of any conclusions derived in this work would be 
largely dependent upon the certainty of the identification of the specimens 
examined, great care was exercised in determining the species of material 
employed. By diligent consultation of standard taxonomic and dendro- 
logical works, coupled with the field work involved in collecting, the writer 
sufficiently familiarized himself with the kinds of fir in cultivation so that 
he finally felt certain of the material eventually selected for study. The 
principal references consulted for this purpose were those of Sargent (1898), 
Rehder (1927), Dallimore and Jackson (1923) and Beissner-Fitschen 
(1930). Every branch from which leaves had been examined was dried and 
mounted and compared with herbarium specimens kindly lent by the 
Arnold Arboretum, as well as with those in the herbarium of The New 
York Botanical Garden. 


Technique 
Celloidin Method 


The following schedule of technique, adapted from Harlow with some 
modifications, was employed in this work: 


1. Tie needles in bundles of 15 to 30 with thread a little to one side of 
their centers. 

2. Cut off, with razor, each end of bundle leaving a fagot about } 
to 3 inch long. 

3. Dehydrate fagot in 50% alcohol under reduced pressure of water 
pump until bubbles cease to rise from needles. 

4. Provide at least two changes of absolute alcohol during next 48 
hours. 


5. Change to 50-50 mixture of absoute alcohol and ether for 12-24 
hours. 


6. Immerse in thin solution of celloidin dissolved in 50-50 mixture of 
absolute alcohol and ether, about consistency of glycerin, in small glass 
bottles provided with tight cork and metallic screw cap. 

7. Leave bottles in paraffin oven for one week. 

8. Remove from oven, allow to cool partly, open and permit celloidin 
to thicken slowly by evaporation of alcohol-ether. Assist by occasional stir- 
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ring to prevent formation of surface film as celloidin must be kept homo- 
geneous during this process, which occupies a few hours. Thicken to a con- 
sistency obviously greater than originally, re-cork and cap and put in 
oven; or replace celloidin with thicker celloidin. This latter method is 
quicker though more troublesome because of the nature of celloidin. 

9. Repeat last operation in a few days or a week until celloidin is so 
thick that a mass of it removed on an instrument will no longer run but 
congeal on exposure to the atmosphere. 

10. Remove bundle with adhering celloidin by means of forceps into 
small amount of chloroform which solidifies the celloidin. Leave for 2 to 
12 hours. Longer immersion does no harm; on the contrary, it insures more 
uniform solidification of the celloidin. 

11. Cut on sliding microtome with oblique knife, through part of 
fagot corresponding to center of original needles. Lubricate blade and 
celloidin block with 70% alcohol for each section. Cut 24 to 30 microns 
thick. If sections roll on blade unroll them with brush just before com- 
pleting stroke through block. Remove with brush into 70% alcohol. 

Two methods of staining technique were employed. The first was: 

12a. Add to 70% alcohol containing sections a few drops of 1% Bis- 
marck brown in 70% alcohol; stain to desired intensity. 

13a. Pour off Bismarck brown and wash in 70%, 95% and two washes 
of 100% alcohol, two to five minutes in each, half hour at least in last of 
absolute. To each washing of absolute add a few drops of chloroform to 
prevent softening and possibly dissolution of celloidin matrix. If, in spite 
of precautions, the matrix does soften causing sections to adhere together 
or loosen and thus render their subsequent individual handling difficult, 
the chloroform should be omitted and the celloidin allowed to dissolve in 
the alcohol, even with the assistance of a little ether. If so used, the ether 
must be removed by washings in absolute alcohol previous to the subse- 
quent application of xylol. By this latter procedure the sections are at least 
rescued from a gummed mass of celloidin though their mounting without 
a matrix becomes more difficult. 

14a. Pour off alcohol and give at least two washings of xylol, at least 
half an hour in last one. 

15a. Mount in balsam. 

For photomicrographic purposes the above as well as the following 
schedule, adopted from Harrar, were found satisfactory: 

12b. Dilute 70% alcohol containing sections with about same amount 
of distilled water. 

13b. Add a few drops of aqueous ferric ammonium sulfate, a mordant, 
and allow to remain about five minutes. 
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14b. Pour off, wash twice in distilled water, add some distilled water 
and a few drops of aqueous haematoxylin. Watch staining under micro- 
scope to desired intensity. 

15b. Pour off, wash twice in distilled water, pour on 70% alcohol and 
add a few drops of Bismarck brown. 

16. Same as in 13a to 15a. 

It was found more satisfactory in some cases for photographic purposes 
to remove the celloidin by ether, preferably after staining, and then to 
select under a hand lens a few of the best sections for mounting. Most 
pictures were obtained, however, of sections in a celloidin matrix. 


Pressure chamber and paraffin 


Before the details of the above described celloidin technique were 
satisfactorily developed, a pressure chamber, as suggested by Lodewick, 
was devised. Supposedly, such an apparatus would secure more rapid 
penetration of the material by the celloidin. The method, however, was 
not satisfactory so far as it was attempted. 

Though young immature coniferous needles are known to section well 
in paraffin, older ones, according to Chamberlain, do not lend themselves 
to such treatment. This was found to be true in attempts to employ para- 
ffin in the butyl-alcohol technique. Rather than attempt modifications of 
this method, such as Hance suggests, this technique, too, was abandoned 
and all the work was performed as outlined above. 


Herbarium material 


In spite of efforts to secure fresh leaves a few species remained un- 
represented in the writer’s collections. Inasmuch as these, too, were re- 
ported to be in cultivation, though apparently not extensively so as yet, it 
became necessary to resort to herbarium material in order to include them. 
In so doing it was found that the quality of herbarium material for 
anatomical purposes varies considerably, probably depending upon drying 
methods employed in connection with such specimens. Internal structure 
was almost perfectly preserved in some cases; badly distorted in others. 
Unsatisfactory material was usually indicated by excessive shrinkage of 
the mesophyll along the midrib resulting in prominence of the latter. 
This was apparent by hand-lens inspection of leaves merely cut across. 
Those that appeared least distorted were run through the celloidin method 
with the addition of the following between items #2 and #3 of that sched- 
ule: 

Boil fagots in water for 5 to 10 minutes, transferring them momentarily 
once or twice during the boiling into cold water to insure penetration. 
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RESULTS 
Concerning anatomical variability 


That anatomical variability might invalidate apparently acceptable 
diagnostic features in fir-leaf anatomy was well recognized before the work 
herein reported was undertaken. Previous investigators differed in their 
opinions upon this point. Some appear to have regarded variability as 
sufficient to disqualify attempts at classification by foliar anatomy; others 
apparently looked upon it only as exceptions to general rules. In choosing 
between these two viewpoints one might be inclined to be more impressed 
by those who found exceptions, for such results usually indicate more 
thorough investigation. It became necessary for the present writer, con- 
sequently, to arrive at some decision with regard to this controversial 
matter. To do so he hoped to be able to study material of each species 
from so many different locations as well as from different parts of the same 
trees that all possibilities of variation would come under his observation. 
It soon became apparent, however, that such ideal methods were beyond 
attainment. In compromise, he realized this objective in two native species 
only and then arbitrarily adopted a suggestion of Taubert. 

The two native species which lent themselves to a study of variability 
were A. concolor and A. lasiocarpa. In addition to specimens gathered in 
cultivated collections others, as already noted, were secured from a num- 
ber of locations within their natural ranges of distribution. Altitudinal 
and geographical influences, to some degree at least, were thus observable. 
Three- and four-year old needles from the lower sunny and shaded and the 
upper sunny and shaded portions of each tree were examined. In each of 
these groups three bundles of needles were prepared thus making 24 
bundles per tree each containing at least 10 needles. From each such bundle 
at least 20 sections were cut. Over 4000 cross-sections of leaves were thus 
prepared from each tree considered. While it cannot be said that so many 
were always critically examined, the chances of discovering important vari- 
ations were certainly greatly increased. In spite of this painstaking effort 
to detect structural deviations the anatomical features in these two species 
were so constant, at least concerning the characters necessary for identifi- 
cation, that in them variability was negligible. The positions of resin 
canals, the thickness of hypodermal cell walls, the degree of separation of 
vascular strands and various other details were observed to vary slightly, 
but no correlations with environment and positions on the tree could be 
made with justification. 

These two species are among the most easily identified of the firs. Be- 
cause of this the writer would scarcely have been justified in assuming that 
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their anatomical constancy indicated equal freedom from variability 
among other species. It was impossible to investigate this matter, however. 
In order, then, to reconcile dissension among previous investigators Tau- 
bert’s suggestion was accepted that to give value to leaf structure one must 
specify the part of a tree from which the leaves to be considered are se- 
cured. To fulfill this condition the writer arbitrarily based his work, so far 
as was possible, upon leaves secured from the lower part of a tree, prefer- 
ably the shaded side, for on every plant there is one side that is at least not 
in direct sunlight. In the case of herbarium material such information is 
almost never stated, and for that reason herbarium material was used as 
little as possible. 

It must be stated, however, that no anatomical feature can safely be 
determined by an examination of only one or even a few leaves. As many 
as is practically possible should be examined, for frequently it is only by 
an average of many observations that one may be able to assign a particu- 
lar character to one or another category. This is especially true concerning 
continuity of the hypoderm and location of resin canals. In the case of A. 
firma, for example, the occurrence of thick-walled cells in the chloren- 
chyma is very distinctive, but they do not appear in every section. Sec- 
tions examined must be from the middle part of the leaves for toward the 
ends the position of resin canals and abundance of hypoderm varies. Leaves 
three or four years old were always used. 

Finally, the writer feels it necessary to state that he does not propose 
the key presented in this paper as a substitute for the longer established 
means of identification based upon cones, buds, twigs and leaves. He offers 
it only as a supplement to those methods, especially in cases where certain 
external characters cannot be observed. This is particularly true in spring 
and early summer before the winter buds form. 


KEY TO THE CULTIVATED SPECIES OF ABIES BASED UPON STRUCTURE 
OF LEAVES FROM STERILE BRANCHES 


A. Stomata nearly equally numerous on all surfaces.* 
B. Resin canals median. 
C. Leaves usually not over 2 cm. long, radially arranged on twig...... .2 A. Pinsapo 
CC. Leaves usually over 2 cm. long, not radially arranged on twig. ...... A. lasiocarpa 
A. arizonica* 


1 The presence or absence of stomata on all surfaces of the leaves can be deter- 
mined most accurately by macroscopic examination. Species under “AA” sometimes 
have a few stomata on the upper surface near the tip and occasionally near the center, 
the latter being observable in median cross-sections. They never approach the abun- 
dance, however, of those on the under surface as in species under “A.” 
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BB. Resin canals marginal. 
C. Vascular bundles appearing as one or nearly so. 

D. Cross-sections rhomboidal in shape; vascular bundles sometimes slightly 

RRS A a Cer ey eee iF A. magnifica 

DD. Cross-sections not rhomboidal in shape; groove along upper surface fre- 
quently very sharp; vascular bundles always appearing as one. .. .A. nobilis 

CC. Vascular bundles distinctly separated. 

D. Leaves usually not over 2 cm. long, radially arranged on twig... .A. Pinsapo 

DD. Leaves usually over 2 cm. long, not radially arranged on twig. .A. concolor 

AA. Stomata abundant only on lower surface. 

B. Hypodermal layer absent; occasional individual cells, more or less thick-walled, di- 
rectly beneath epidermis, sometimes in groups, but never sufficiently abundant to con- 
stitute what might be regarded even as a discontinuous layer. 

C. Thick-walled cells present in pericyclic region though not necessarily conspicuous. 


CO EE nt A. grandis 
DD. Resin canals median. 

E. Resin canals narrow, 1/4 to 1/3 as wide as leaf.......... A. Veitchii 

EE. Resin canals wide, 1/3 to 1/2 as wide as leaf........ A. sachalinensis 


CC. Thick-walled cells absent from pericyclic region. 
D. Resin canals marginal to sub-marginal. 
E. Leaves not over 2 cm. long, pointed, rounded or emarginate at apices, 
I OR I iii dls dca s + scmincsakawatenee A. koreana 
EE. Leaves up to 6 cm. long, rounded or bifid at apices...... A. grandis 
DD. Resin canals median to sub-marginal; some stomata frequently present on 
upper surface. 

E. Leaves distinctly slender as far as fir leaves are concerned, many not 
over 1 mm. wide, and up to 3 cm. long................ A. sibirica 

EE. Leaves usually at least 1.5 mm. wide and not over 2.5 cm. long. 
F. Resin canals distinctly median; some stomata frequently present 


i I a5 ic cond acccucacetcnedsmakeel A. balsamea 
FF. Resin canals more or less submarginal; stomata absent from 
Eas ae bt ykiiicams & 956s 000 ae aA A. Mariesit 


BB. Hypodermal layer present, continuous or discontinuous, at least along the upper sur- 
face and at lateral margins, sometimes extending to lower surface but never in im- 
mediate region of stomata. 

C. Hypodermal layer more or less continuous, only an occasional cell or two lacking 
along upper surface. 
D. Thick-walled cells absent from pericyclic region. 
E. Leaves frequently stomatiferous on upper surface near apex.......... 
RE eae Cee Ee Bee eee ne ere A. numidica 
EE. Leaves not stomatiferous on upper surface.............. A. amabilis 
DD. Thick-walled cells present in pericyclic region. 
E. Leaves more or less revolute. 
F. Leaves distinctly revolute appearing ™-shaped in cross-section 
sl aes cl deed da Ee eal ce eee a eld kk eee A. Delavayi 
FF. Leaves only moderately revolute................ A. Forrestit 
EE. Leaves not revolute. 
F. Thick-walled cells frequently present in chlorenchyma, not 
necessarily in every section. ...............eeeeeeeees A. firma 





* This species is usually regarded as a variety of A. lasiocarpa from which it dif- 
fers, primarily, in possessing thick, corky, creamy-white bark. 


~~ 
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FF. Thick-walled cells absent from chlorenchyma. 
G. Resin canals median or sub-marginal. 

H. Hypodermal-cells conspicuously thick-walled. 

I. Leaves spiny pointed.............. A. holophylla 

II. Leaves blunt or bifid.............. A. homolepis 
HH. Hypodermal-cells moderately thick-walled. 

I. Cross-sections showing more or less prominent 
broad midrib on lower surface, groove along upper 
surface and resin canals nearer margins than 
ee A. Bornmiilleriana® 

A. Borissi-regis 
II. Cross-sections showing no prominent broad midrib 
along lower surface. 

J. Resin canals distinctly median, equally distant 
from margins and vascular bundles; leaves half 
FS SS ee A. squamata 
JJ. Resin canals median but tending to be nearer 
margins; leaves only one third as thick as wide 

and tapering toward margin... ..A. Fargesii* 
A. Faxoniana 

GG. Resin canals marginal or sub-marginal. 

H. Groove absent along upper surface resulting in straight 
upper margin of cross-sections; leaves spiny-pointed 
ahd dele er bean Wand e ena tkae sek ne be A. venusta 

HH. More or less distinct groove present along upper sur- 
face; leaves sharp-pointed in some. 

I. Lateral margins bluntly pointed. 

J. Leaves up to 6 cm. long; epidermal and hypo- 
dermal cells quite similar in size and wall- 
é GS. vos enunkess ... A. spectabilis 
JJ. Leaves not over 3 1/2 cm. long; hypodermal 
cells more conspicuous than epidermal and 
generally thicker-walled......A. chensiensis 
II. Lateral margins more or less rounded. 

J. Hypodermal layer frequently 2 or 3 cells thick, 

especially along lateral margins and midrib. 
K. Leaves sharply pointed. ..A. cephalonica 
KK. Leaves not sharply pointed. .A. cilicica 
JJ. Hypodermal layer usually one cell and only 

occasionally 2 or more cells thick. 
K. Leaves sharply pointed or at least acute, 
bent backward along twig. .A. recurvata 
KK. Leaves usually not sharply pointed; 
never bent backward. 

L. Leaves up to 6 cm. long.......... 
PebbosthPedavessened A. Pindrow® 
A. spectabilis 


* These two species differ chiefly in the presence of dense short pubescence on the 
branchlets of A. Borisii-regis. 

* Of these two species only A. Faxoniana has branchlets which are densely pubes- 
cent. 
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LL. Leaves seldom over 3 cm. long. 

M. Outer epidermal walls con- 
spicuously thicker than inner 
or radial walls; lateral mar- 
gins sometimes rounded, 
sometimes bluntly pointed re- 
sulting from increased num- 
ber of closely packed hypo- 
dermal cells. . A. Beissneriana 

MM. Outer epidermal walls moder- 
ately thicker than inner or 
radial ones; lateral margins 
always rounded. 

N. Thick-walled cells in 
pericyclic region very 
conspicuous by virtue of 
their number and wall- 
thickness. ..A. religiosa 

NN. Thick-walled cells in 

pericyclic region not es- 

pecially conspicuous. . . 

i incgonmaiai A. sutchuenensis 

CC. Hypodermal! layer discontinuous; present, at least, in the center along both sides. 
D. Thick-walled cells present in pericyclic region. 


= FO Te en A. nephrolepis 
EE. Resin canals marginal. 
F. Thick-walled cells strikingly abundant............ A. religiosa 
Be. GE ie coches che cur estes ceeewnanes A. alba 
DD. Thick-walled cells absent from pericyclic region. 
E. Resin canals marginal................ poten ole A. Nordmanniana 


EE. Resin canals median 
F. ‘Leaves with 8-12 lines of stomata in each band....A. Fraseri 
FF. *Leaves with 4-8 lines of stomata in each band... .A. balsamea 
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5 A. spectabilis is distinguishable from A. Pindrow by its grooved branchlets and 
the presence of hairs in the grooves. 
* Adapted from Rehder and verified. 
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Explanation of plates 26-32 


Fig. 1. A. chensiensis Van Tiegh., Bull. Soc. Bot. France 38: 413 (1891): bluntly 
pointed lateral margin, marginal resin canal and moderately thick-walled hypodermal 
cells. China. 

Fig. 2. A. Veitchii Lindl: median resin canal, absence of hypodermal layer and 
presence of stomata only on lower surface. 

Fig. 3. A. nephrolepis Maxim: discontinuous hypoderm ‘iin of moderately 
thick-walled cells. 

Fig. 4. A. firma Sieb. & Zucc.: excessively thickened walls of hypodermal cells. 

Fig. 5. A. firma Sieb. & Zucc.: two slightly separated vascular strands, excessively 
thick-walled cells in the pericyclic region within the endodermis and two such cells 
in the chlorenchyma outside the endodermis. 

Fig. 6. A. magnifica Murr.: a region of the hypoderm composed of several rows of 
moderately thick-walled cells. 

Fig. 7. A. balsamea Mill.: longitudinal section of leaf showing intercellular spaces 
in palisade parenchyma. 

Fig. 8. A. Nordmanniana Spach: marginal resin canal and continuous hypoderm 
composed of one layer of moderately thick-walled cells. 

Fig. 9. A. nobilis Lindl.: unseparated vascular strand. 

Fig. 10. A. balsamea Mill.: two widely separated strands of vascular tissue and 
absence of thick-walled cells in pericyclic region. 

Fig. 11. A. homolepis Sieb. & Zucc.: two separated vascular strands and abundant 
thick-walled cells in pericyclic region. 

Fig. 12. A. concolor Lindl. & Gord., Jour. Hort. Soc. Lond. 5: 210 (1850). Colorado 
to southern and Lower California, northern continental Mexico and New Mexico. 

Fig. 13. A. cilicica Carr., Conif. 229 (1855). Asia Minor (Cilicia), northern Syria. 

Fig. 14. A. Veitchii Lindl., Gard. Chron. 23 (1861). Mountains of central Japan. 

Fig. 15. A. grandis Lindl., Penny Cyclop. 1: 30 (1833). Vancouver Island to 
northern California, east to Montana, near the coast and in mountains. 

Fig. 16. A. Pinsapo Baiss., Bibl. Univ. Genéve 13: 167 (1838). Southern Spain. 

Fig. 17. A. Nordmanniana Spach, Hist. Veg. Phan. 11: 418 (1842). Caucasus, 
Asia Minor, Greece. 

Fig. 18. A. Faxoniana Rehd. & Wils., Sargent, Pl. Wils. 2: 42 (1914). High altitude 
forests in western China. 

Fig. 19. A. Pindrow Spach, Hist. Veg. Phan. 11: 423 (1842). Western Himalaya, 
Kumaon to Kashmir. 

Fig. 20. A. nephrolepis Maxim., Bull. Acad. Petersb. 10: 486 (1866). Eastern 
Siberia, northern China. 

Fig. 21. A. spectabilis Spach., Hist. Veg. Phan. 11: 422 (1842). Sikkim and Bhutan 
Himalaya. 

Fig. 22. A. Forrestii Craib, Notes Bot. Gard. Edin. 11: 279 (1920). Southwestern 
China at high altitudes. 

Fig. 23. A. Mariesii Mast., Gard. Chron. 12: 789 (1879). Mountains of Japan. 

Fig. 24. A. sachalinensis Mast., Gard. Chron. 12: 588 (1879). Northern Japan, 
Saghalin and Kurile Islands. 

Fig. 25. A. squamata Mast., Gard. Chron. 39: 299 (1906). Western China at high 
altitudes. 
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Fig. 26. A. homolepis Sieb. & Zucc., Fl. Jap. 2: 17 (1842). Mountains of Japan. 

Fig. 27. A. venusta K. Koch, Dendrol. 2 II: 210 (1873). Monterey County, Cali- 
fornia, at elevations of about 3000 feet. 

Fig. 28. A. cephalonica Loud., Gard. Mag. 14: 81 (1838). Mountains of Greece. 

Fig. 29. A. recurvata Mast., Jour. Linn. Soc. Bot. 39: 299 (1906). Western China. 

Fig. 30. A. sibirica Ledeb., Fl. Alt. 4: 202 (1833). Northern Russia to Kamchatka, 
Altai Mountains, south to Turkestan and Manchuria. 

Fig. 31. A. arizonica Merr., Proc. Biol. Soc. Washington 10: 116 (1896). Northern 
Arizona and northern New Mexico, southern Colorado. 

Fig. 32. A. Delavayi Franch., Jour. de Bot. 13: 258 (1899). Western China at high 
altitudes. 

Fig. 33. A. nobilis Lindl., Penny Cyclop. 1: 30 (1833). Washington to northern 
California. 

Fig. 34. A. holophylla Maxim., Bull. Acad. Petersb. 10: 487. 1866. Manchuria and 
Korea. 

Fig. 35. A. firma Sieb. & Zucc. Fl. Jap. ii 15t. 107 (1842). Japan up to 7000 feet 
elevation. 

Fig. 36. A. sutchuenensis Rehd. & Wils. Sargent, Pl. Wils. 2: 48 (1914). Western 
China. 

Fig. 37. A. koreana Wils., Jour. Arn. Arb. 1: 188 (1920). Mountains of Korea. 

Fig. 38. A. balsamea Mill. Gard. Dict. ed. 8 n. 3 (1768). Labrador to West Virginia, 
west to Minnesota and Iowa. 

Fig. 39. A. lasiocarpa Nutt. North American Sylva 3: 138 (1849). Alaska to Ore- 
gon, Utah and northern New Mexico. 

Fig. 40. A. alba Mill. Gard. Dict. ed. 8. (1768). Mountains of central and southern 
Europe. 

Fig. 41. A. Fraseri Poir., Lamarck Encyc. Method. Sup. v (1817). Alleghany 
Mountains, West Virginia to North Carolina and Tennessee. 

Fig. 42. A. magnifica Murr., Proc. Roy. Hort. Soc. 3: 318 (1863). Oregon to Cali- 
fornia, 5000 to 10,000 feet elevation. 


Fig. 43. A. amabilis Forb., Pin. Wob. 125 (1839). British Columbia and Alberta to 
Oregon. 


Figures 1 to 11 represent magnifications of 75 to 100 diameters; all the others are 
about 50. 


Photomicrographs of A. Pindrow and A. spectabilis are not typical of the species, 


being probably from fertile branches. On sterile branches, resin canals are normally 
marginal. 
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INDEX TO AMERICAN BOTANICAL LITERATURE 
1931-1934 


The aim of this Index is to include-all current botanical literature written 
by Americans, published in America, or based upon American material; the 
word America being used in the broadest sense. 

This Index is reprinted monthly on cards, and furnished in this form to 
subscribers at the rate of three cents for each card. Selections of cards are not 
permitted; each subscriber must take all cards published during the term of 
his subscription. Correspondence relating to the Index may be addressed to the 
Treasurer of the Torrey Club. 


Allen, G. O., & Herter, W. G. Charales Uruguayenses. Rev. 
Sudamer. Bot. 1: 87-91. f. 1. Je 1934. 

Allison, F. E. Importance of carbohydrate supply in legume 
symbiosis. Nature 134: 144. 28 J] 1934. 

Ames, L. M. Hermaphroditism involving self-sterility and cross- 
fertility in the Ascomycete Pleurage anserina. Mycologia 
26: 392-414. f. 1-6.10 1934. 

Ames, O. Epidendrum cystosum, a new species from the Repub- 
lic of Honduras. Harvard Bot. Mus. Leafl. 2: 105-111. 
illust. 31 J1 1934. 

- Ames, O. A nomenclatural note. Harvard Mus. Bot. Leafl. 2: 
112. 31 J1 1934. 

Armer, L. A. Cactus. i—xi, 1-102. illust. New York. F. A. Stokes 
Co. 1934. 

Ashlee, T. R. A contribution to the Latah flora of Idaho. North- 
west Sci. 6: 69-82. pl. 1, 2. Je 1932. 

Azzi, R. A Podridao radicular, a Méla e a ferrugem on Mildeu 
do fumo. Bol. Agr. Sao Paulo 33: 395-414. 1932. 

Babcock, E. B. Genetic evolutionary processes. Proc. Nat. 
Acad. Sci. 20: 510-515. 15 S 1934. 

Baker, M. S. Pitkin Marsh, a floral island at Vine Hill, Sonoma 
County, California. Leafl. West Bot. 1: 103. 15 My 1934. 

Baxter, E. M. California Cacti. XII. Opuntia prolifera. Jour. 
Cactus & Succ. Soc. Am. 5: 587-588. illust. Je 1934; XIII. 
Opuntia Panshii. 6: 12-13. illust. J\. 1934; XIV. Opuntia 
brachyclada. 28-29. illust. Au 1934. 

Benson, L. The Ranunculus hydrocharoides group in Cali- 
fornia. Madrono 2: 129-130. Jl 1934. 

Berry, C. T. A Talbot cypress swamp at Greenbury Point, 
Maryland. Torreya 34: 85-91. f. 1, 2. JI-Au 1934. 

Black, L. M. The potato yellow dwarf disease. Am. Potato Jour. 
11: 148-152. Je 1934. 

Boyd, E. S. A developmental study of a new species of Ophio- 
dothella. Mycologia 26: 456-468. pl. 51+ f. 1, 2.1 O 1934. 
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Bradley, W. H. Origin and microfossils of the oil shale of the 
Green River formation of Colorado and Utah. U. S. Dep. 
Int. Prof. Paper 168: 1-58. pl. 1-28 +-f. 1-3. 1931. 

Braun, E. L. A history of Ohio’s vegetation. Ohio Jour. Sci. 34: 
247-257. Jl 1934. 

Brooks, C., & Harley, C. P. Soft scald and soggy break-down 
of apples. Jour. Agr. Res. 49: 55-69. f. 1-8. 1 J] 1934. 

Brown, N. A. A gall similar to crown gall produced on Gypso- 
phila by a new Bacterium. Jour. Agr. Res. 48: 1099-1112. 
f. 1-4. 15 Je 1934. 

Burkart, A. Observaciones sobre la diseminacion hidrofila de 
la especies de Mimosa del delta del Parana. Notas Prelim. 
Mus. La Plata 2: 161-175. f. 1, 2. 1934. 

Burret, M. Die Palmengattung Astrocaryum G. F. W. Meyer. 
Repert. Spec. Nov. 35: 114-158. 15 Je 1934. 


Many new S. American species are included. 


Burnham, C. R. Cytogenetic studies on an interchange between 
chromosomes 8 and 9 in maize. Genetics 19: 430-447. S 
1934. 

Cabrera, A. L. Las especies Argentinas del genero Haplopappus. 
Notas Prelim. Mus. La Plata 2: 233-257. f. 1-9. 1934. 
Caldwell, R. M., Kraybill, H. R., Sullivan, J. T., & Compton, 
L. E. Effect of leaf rust (Puccinia triticina) on yield, physi- 
cal characters, and composition of winter wheats. Jour. 

Agr. Res. 48: 1049-1071. f. 1-4. 15 Je 1934. 

Caste"lanos, A. Opuntia geometrica Castellanos n.sp. Kakteen- 

«x: de 1934: 172, tllust. S 1934. 


From Buenos Aires. 


Castle, E. S. The phototropic effect of polarized light. Jour. 
Gen. Physiol. 17: 751-762. pl. 1+f. 1-5. 20 Jl 1934. 

Cheesman, E. E. Principles of banana breeding. Jour. Imp. 
Coll. Trop. Agr. 11: 132-137. Je 1934; 203-209. Au 1934. 

Chroboczek, E. A study of some ecological factors influencing 
seed-stalk development in beets (Beta vulgaris L.). Cornell 
Agr. Exp. Sta. Mem. 154: 1-84. f. 1-27. Mr 1934. 

Ciferri, R. Studi sull’ecologia del mogano (Swietenia Mahagoni 
Jacq.) in San Domingo. Atti Inst. Bot. Univ. Pavia 4: 
87-166. f. 1-20. 1933. 

Clara, F. M. A comparative study of the green-fluorescent bac- 
terial plant pathogens. Cornell Agr. Ex. Sta. Mem. 159: 
1-36. pl. 1-5. Ap 1934. 

Coker, W. C., & Totten, H. R. Trees of the southeastern states 
including Virginia, North Carolina, South Carolina, Georgia 
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and northern Florida. i-—vi, 1-399. illust. Univ. N. Carolina 
Press. 1934. 

Conard, H. S. A boreal moss community. Proc. Iowa Acad. Sci. 
39: 57-61. [1934.] 

Conard, H. S. A gametophyte of Botrychium obliquum Muhl. 
Proc. Iowa Acad. Sci. 39: 56. [1934.] 

Core, E. L. The blister pine in West Virginia. Torreya 34: 92-93. 
f. 1-3. JI-Au 1934. 

Cratty, R. I. Iowa plant notes. V. Proc. Iowa Acad. Sci. 39: 
85-88. [1934.] 

Croizat, L. De Euphorbio antiquorum atque officinarum. 1-127. 
i-v. New York, 1934. 

Crosier, W. Studies in the biology of Phytophthora infestans 
(Mont.) DeBary. Cornell Agr. Exp. Sta. Mem. 155: 1-40. 
f. 1-11. Mr 1934. 

Crum, E. Oregonian variants in two species of Potentilla. Leafl. 
West. Bot. 1: 100-101. 15 My 1934. 

Cufodontis, G. Risultati della spedizione biologica Austriaca in 
Costarica. Arch. Bot. Sist. Fitogeo. e Genetica 10: 25-51. 
Ap 1934. 


Piperaceae contributed by W. Trelease and Apocynaceae by R. E. Wood- 
son, 


Decker, S. A roseira sua origem e sua importancia ethica e 
ethnica. Bol. Agr. Sao Paulo 33: 432-491. illust. 1932. 
Dennis, R. W. G. A new species of Pestalotia on Podocarpus. 

Phytopathology 24: 1026-1028. f. 1.S 1934. 

Dodge, B. O. Controlling the hollyhock rust. Jour. N. Y. Bot. 
Gard. 35: 186-189. f. 1. Au 1934. 

Doolittle, S. P., & Summer, C. B. Probable occurrence of Aus- 
tralian spotted wilt of tomatoes in Wisconsin. Phyto- 
pathology 24: 943-946. f. 1. Au 1934. 

Drechsler, C. Phytopathological and taxonomic aspects of 
Ophiobolus, Pyrenophora, Helminthosporium, and a new 
genus, Cochliobolus. Phytopathology 24: 953-983. f. 1-3. S 
1934. 

Ducke, A. Notes on vernacular names of trees from the Tapajoz 
River, Brazil. Trop. Woods 39: 11-16. 1S 1934. 

Ducke, A. Recordoxylon: a new genus of Leguminosae—Caesal- 
pinioideae. Trop. Woods 39: 16-18. 1S 1934. 

Dowson, V. H. W. Chimera in dates. Jour. Imp. Coll. Trop. 
Agr. 11: 209. Au 1934. 

Eastwood, A. A new species of Solanum. Leafl. West. Bot. 1: 
104. 15 My 1934. 
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Eastwood, A. A revision of Arctostaphylos with key and de- 
scriptions. Leafl. West. Bot. 1: 105-127. 16 Au 1934. 

Eastwood, A. A revision of the genera formerly included in 
Arctostaphylos. Leafl. West. Bot. 1: 97-100. 15 My 1934. 

Eaton, R. J., & Griscom, L. Potomogeton panormitanus in the 
Sudbury River. Rhodora 36: 312-313. S 1934. 

Edwards, T.I., Pearl, R., & Gould, S. A. The growth and dura- 
tion of life of Celosia cristata seedlings at different tempera- 
tures. Jour. Gen. Physiol. 17: 763-781. f. 1-5. 20 Jl 1934. 

Ehrlich, J. The beech bark disease. A Nectria disease of Fagus 
following Cryptococcus Fagi (Baer.) Contr. Arnold Arbor. 
7: 1-104. pl. 1-9+f. 1-19. 29 S 1934. 

Elmer, A. D. E. New plants from Mount Pinatubo. Leafl. 
Philippine Bot. 9: 3179-3226. 5 My 1934. 

Elmer, A. D. E. New Urticaceae and Rubiaceae Leafl. Philip- 
pine Bot. 9: 3227-3272. 14 Je 1934. 

Emerson, R., & Green, L. Kinetics of photosynthesis. Nature 
134: 289-290. 25 Au 1934. 

Emerson, R., & Green, L. Manometric measurements of photo- 
synthesis in the marine alga Gigartina. Jour. Gen. Physiol. 
17: 817-842. f. 1-7. 20 J1 1934. 

Emmons, C. W. Dermatophytes. Natural grouping based on the 
form of the spores and accessory organs. Arch. Dermat. & 
Syphil. 30: 337-362. f. 1-27. S 1934. 

Essig, E. O. Twelve years of intensive Iris breeding in Cali- 
fornia—methods and records. Bull. Am. Iris Soc. 52: 3-30. 
illust. Jl 1934. 

Farris, N. F. Root habits of certain crop plants as observed in 
the humid soils of New Jersey. Soil Sci. 38: 87-111. f. 1-8. 
Au 1934, 

Featherly, H. I., & Stell, C. E. The ferns of Oklahoma. Okla- 
homa Agr. Exp. Sta. Circ. 80: 1-24. f. 1-41. Je 1934. 

Ferguson, M. C. A cytological and a genetical study of Petunia. 
V. The inheritance of color in pollen. Genetics 19: 394-411. 
S 1934. 

Fernald, M. L., & Weatherby, C. A. Some inadequately char- 
acterized species of George Vasey. Rhodora 36: 346-348. 
S 1934. 

Fernow, K. H. A partially masked mosaic of potatoes. Am. 
Potato Jour. 10: 235-245. D 1933. 

Flint, H. R. Some observations on lichens as factors in northern 
Rocky Mountain forest succession. Northwest Sci. 6: 
14-16. Mr 1932. 
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Friend, W. H. The origin of a superior red-flecked grapefruit. 
Jour. Heredity 25: 358. S 1934. 

Fries, R. E. Revision der Arten einiger Anonaceen-Gattungen. 
Acta Horti Bergiana 12: 1-220. pl. 1-20. 1934. 


Many species from South America are described as new. 


Frizzell, D. L. Terminology of types. Am. Midl. Nat. 14: 637- 
668. N 1933. 

Garratt, G. A. Systematic anatomy of the woods of the Moni- 
miaceae. Trop. Woods 39: 18-44. pl. 1-4.1S 1934. 

Gates, H. E. New Neomammillarias from Mexico. Jour. Cactus 
& Succ. Soc. Am. 6: 3-5. illust. J] 1934. 

Gilbert, H. C. Three new species of Myxomycetes. Univ. Iowa 
Stud. Nat. Hist. 16: 153-159. f. 1-3. 15 J1 1934. 

Giridlian, J. N. Two California species. Bull. Am. Iris Soc. 52: 
34-36. allust. Jl 1934. 

Goodspeed, T. H., & Uber, F. M., Application of the Altmann 
freezing-drying technique to plant cytology. Proc. Nat. 
Acad. Sci. 20: 495-501. f. 1, 2. 15S 1934. 

Gould, S. A., Pearl, R., & Edwards, T. I. On the effects of par- 
tial removal of the cotyledons upon the growth and dura- 
tion of life of canteloup seedlings without exogenous food. 
Ann. Bot. 48: 575-599. f. 1-6. J1 1934. 

Graf-Marin, A. Studies on powdery mildew of cereals. Cornell 
Agr. Exp. Sta. Mem. 157: 1-48. f. 1-9. Ap 1934. 

Graham, R. Notes on the flora of the Peace River. Rep. British 
Columbia Prov. Mus. Nat. Hist. 1933: 13-33. 1934. 

Graves, A. H. Report on winter injury to the woody plants in 
the Brooklyn Botanic Garden 1933-1934. Brooklyn Bot. 
Gard. Rec. 23: 171-209. J] 1934. 

Guba, E. F. Control of the Verticillium wilt of eggplant. Phyto- 
pathology 24: 906-915. f. 1, 2. Au 1934. 

Hallenbeck, C. Neomammillaria Wrightii Eng. Jour. Cactus & 
Succ. Soc. Am. 6: 23-24. illust. Au 1934. 

Harrington, H. D. The woody plants of Iowa in winter condition 
Univ. Iowa Stud. Nat. Hist. 16: 1-116. 1 Je 1934. 

Harrington, H. D. The value of twig and bud characters in keys 
for the identification of trees in summer condition. Proc. 
Iowa Acad. Sci. 39: 81-84. [1934.] 

Harter, L. L. A new wilt of peas. Phytopathology 24: 950-951. 
Au 1934. 

Hegarty, C. P., & Rahn, O. Growth retardation by freshly dis- 

tilled water. Jour. Bact. 28: 21-30. Jl 1934. 
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Herter, G. Un caso de desboblamiento floral en uma Liliacea 
Uruguaya. Est. Bot. Reg. Uruguaya 9: 1-8. illust. 1933. 
Herzog, T. Die Bryophyten der Andenreisen von C. Troll 
(Bolivia, Columbia, Panama). Hedwigia 74: 79-114. f. 

1-13. 10 Je 1934. 

Hildebrand, E. M. Life history of the hairy-root organism in 
relation to its pathogenesis on nursery apple trees. Jour. 
Agr. Res. 48: 857-885. f. 1-5. 15 My 1934. 

Hoehne, F. C. Contribucao para o conhecimento do genero 
Catasetum Rich. e especialmente o hermaphroditismo e 
trimorphismo das suas flores. Bol. Agr. Sao Paulo 33: 
133-196. illust. 1932. 

Holmes, F. O. A masked strain of tobacco-mosaic virus. Phyto- 
pathology 24: 845-873. f. 1-5. Au 1934. 

Holmes, F. O. Inheritance of ability to localize tobacco-mosaic 
virus. Phytopathology 24: 984-1002. f. 1-3. S 1934. 

Horn, E. E., & others. The effect of thallium on plant growth. 
Science II. 80: 167-168. 17 Au 1934. 

House, H. D. Acer saccharum again. Am. Midl. Nat. 15: 76-77. 
Ja 1934. 

Hotson, J. W., & Lewis, E. Amanita pantherina of western 
Washington. Mycologia 26: 384-391. pl. 45, 46+-f. 1, 2. 
10 1934. 

Howe, M. A. Nathaniel Lord Britton 1859-1934. Jour. N. Y. 
Bot. Gard. 35: 169-180. portrait. Au 1934. 

Hurst, B. Flowering plants and ferns of Prince Edward Island. 
Trans. Roy. Canadian Inst. 19: 251-273. 1933. 

Jacques, A. G., & Osterhout, W. J. V. The accumulation of 
electrolytes. VI. The effect of external pH. Jour. Gen. 
Physiol. 17: 727-750. f. 1, 2. 20 Jl 1934. 

Jepson, W. L. The botanical explorers of California. X. Mad- 
rono 2: 130-133. allust. Jl 1934. 

Johnston, C. O. The effect of mildew infection on the response 
of wheat-leaf tissues normally resistant to leaf rust. Phyto- 
pathology 24: 1045-1046. f. 1. S 1934. 

Jones, F. R. Testing alfalfa for resistance to bacterial wilt. 
Jour. Agr. Res. 48: 1085-1098. 15 Je 1934. 

Jones, M. H. Two red algae in Colorado. Univ. Colorado Stud. 
21: 273-274. Au 1934. 

Kearney, T. H. American wild cottons with thirteen chromo- 
somes. Jour. Heredity 25: 305-312. f. 7-10. Au 1934. 

Keim, F. D., & Frolik, A. L. Common grass weeds of Nebraska. 
Nebraska Agr. Exp. Sta. Bull. 288: 1-40. f. 1-18. Je 1934. 

King, C. M. Germination studies of woody plants, with notes 
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on some buried seeds. Proc. Iowa Acad. Sci. 39: 65-76. 
f. 1-13. [1934.] 

Knobloch, I. W. A few unusual plants noted in western New 
York. Torreya 34: 94. JlI—-Au 1934. 

Lachmund, H. G. Damage to Pinus monticola by Cronartium 
ribicola at Garibaldi, British Columbia. Jour. Agr. Res. 
49: 239-249. f. 1-3. 1 Au 1934. 

Lachmund, H. G. Seasonal development of Ribes in relation to 
spread of Cronartium ribicola in the Pacific northwest. 
Jour. Agr. Res. 49: 93-114. f. 1, 2. 15 J1 1934. 

Lachmund, H. G., & Hansbrough, J. R. Survival of blister-rust 
mycelium in western white pine. Jour. Agr. Res. 48: 1043- 
1047. 1 Je 1934. 

Lamson, R. W., & Watry, A. Survey of a botanic oasis—the 
desert of northern Arizona. Jour. Allergy 5: 389-405. f. 1-6. 
My 1934. 

Lanjouw, J. Notes on Guiana Euphorbiaceae. Rec. Trav. Bot. 
Neerlandais 31: 451-465. illust. 1934. 

Latham, R. Botanical notes from Long Island. Torreya 34: 
95. JlI-Au 1934. 

Leach, J. G. The production of perithecia in Ceratostomella 
ips Rumb. Phytopathology 24: 1037-1040. f. 1.S 1934. 
Leach, L. D., & Borthwick, H. A. Distribution of downy mildew 
mycelium in spinach fruits. Phytopathology 24: 1021- 

1025. f. 1, 2.S 1934. 

Leding, A. R. A new spine character in Cactus. Jour. Heredity 
25: 327-328. Au 1934. 

Levine, M. Experimental production of crown gall on Opuntia. 
Phytopathology 24: 929-937. f. 1-6. Au 1934. 

Lille, J. de. Algunas plantas purgantes de Mexico. Univ. 
Mexico Foll. Cien. 15: 1-9. 1933. 

Lutman, B. F. Carbon dioxide formation by clean and scabby 
potatoes. Jour. Agr. Res. 48: 1135-1144. f. 1, 2. 15 Je 1934. 

McCrea, A. Fungicidal value of some common dyes against 
Dermatophytic fungi. Mycologia 26: 449-453. 1 O 1934. 

McCrea, A. Longevity of Merulius lacrymans in wood destroyed 
by its growth. Mycologia 26: 454-455. 1 0 1934. 

Macguire, B. Distribution notes concerning certain plants of 
Glacier National Park, Montana. Rhodora 36: 305-308. 
Au 1934. 

McKinney, H. H., & Sando, W. J. Recumbence in wheat as in- 
fluenced by light and the soil surface. Jour. Heredity 25: 
351-357. f. 7-9. S 1934. 

Mains, E. B. The genera Cordyceps and Ophiocordyceps in 
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Michigan. Proc. Am. Philos. Soc. 74: 263-271. pl. 1-4. Au 
1934. 

Mains, E. B. The status of the genus Schroeteriaster. Ann. 
Mycol. 32: 256-259. pl. 5. 1934. 

Mansfeld, R. Abola Lindl. and Caucaea Schitr. Repert. Spec. 
Nov. 35: 342-343. 15 J1 1934. 

Martin, G. W. The genus Stypella. Univ. lowa Stud. Nat. Hist. 
16: 143-150. pl. 6+f. 1. 15 J11934. 

Martin, J. N. The daily and seasonal variations in the internal 
temperatures of two trees, Populus deltoides Marsh. Proc. 
Iowa Acad. Sci. 39: 63. [1934.] 

Mathias, M. E. A new species of Leptotaenia. Leafl. West. Bot. 
1: 101-102. 15 My 1934. 

May, C. Outbreaks of the Dutch elm disease in the United 
States. U.S. Dep. Agr. Circ. 322: 1-19. f. 1-13. Au 1934. 
Merrill, E. D. An enumeration of plants collected in Sumatra by 
W. N.and C. M. Bangham. Contr. Arnold Arbor. 8: 1-178. 

pl. 1-14. 1934. 

Merrill, E. D. The problem of economic plants in relation to 
man in Pre-Columbian America. Proc. Fifth Pacific Sci. 
Congr. 759-767. 1934. 

Metcalf, F. P. Notes on Umbelliferae. Lingnan Sci. Jour. 13: 
517-518. pl. 57. 30 J1 1934. 

Milbrath, D. G. Wood decay in buildings. Mo. Bull. Dep. Agr. 
California 23: 95-102. f. 1-4. Je 1934. 

Munro, F. L., & Newton, M. W. The inhibition of the growth 
of fungi by chemicals. Sci. Agr. Ottawa 14: 560-564. Je 
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24: 1044-1045. S 1934. 
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Rev. Sudamer. Bot. 1: 69-80. f. 1-3. Je 1934. 
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Northern field bean. Jour. Agr. Res. 49: 183-188. f. J, 2. 
15 J1 1934. 
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Pulle, A. Flora of Surinam (Dutch Guyana) 3: 65-160. 1934. 
Kon. Kolon. Inst. Amst. Meded. 30. Guttiferae, Lecythidaceae, Puni- 
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Muller. 
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3 Au 1934, 
Schaeffer, J. Russula-monograrhie. Ann. Mycol. 32: 141-243. 
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Stanton, T. R., Reed, G. M., & Coffman, F. A. Inheritance of 
resistance to loose smut and covered smut in some oat 
hybrids. Jour. Agr. Res. 48: 1073-1083. f. 1, 2. 15 Je 1934. 
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New names and the final members of new combinations are in bold face type. 


Abies 497, 500-503, 518-522; alba 510, 515, 
519, 524; amabilis 505, 510, 513, 524; ari- 
zonica 505, 510, 512, 524; balsamea 352, 505, 
506, 510, 513, 515, 516, 523, 524; Beissneri- 
ana 510, 515; bifida 520; Borisii-regis 510, 
514; Bornmiilleriana 510, 514; cephalonica 
510, 514, 524; chensiensis 510, 514, 523; 
cilicica 510, 514, 523; concolor 505, 509, 510, 
$13, 573; Delavayi 510, 513, 524; Douglasii 
518; duplex 519; excelsa 520; Fargesii 510, 
514; Faxoniana 510, 514, 523; firma 498, 499, 
$10, 512, 513, 520, 523, 524; Forrestii 510, 
513, 523; Fraseri 505, 506, 510, 515, 524; 
grandis 505, 511, 513, 523; Hickeli 517; holo- 
phylla 511, 514, 524; homolepis 511, 514, 
523, 524; koreana 511, 513, 524; lasiocarpa 
505, 509, 511, 513, 519, 524; magnifica 499, 
505, 511, 513, 523, 524; Mariesii 511, 513, 
523; marocana 500, 521; nebrodensis 500, 
517; nephrolepis 511, 515, 523; nobilis 499, 
505, 511, 513, 523, 524; Nordmanniana 500, 
511, 515, 523; numidica 511, 513, 521; pardei 
518; Pindrow 511, 514, 515, 523, 524; Pin- 
sapo 502, 511, 512, 521, 523; recurvata 511, 
514, 524; religiosa 504, 511, 515; sachali- 
nensis 511, 513, 523; Semenovii 500, 517; 
sibirica 511, 513, 524; spectabilis 511, 514, 
$15, 523, 524; squamata 511, 514, 523; sutch- 
uenensis 511, 515, 524; Veitchii 511, 513, 
520, 523; venusta 502, 505, 511, 514, 524; 
Williamsonii 520 

Abies cultivated in the United States, Identi- 
fication, by leaf structure, of the species of 
497 

Abutilon 55-57, 60, 63-67; arborum 61, 62; 
Avicennae 54; Darwinii tesselatum 55; 
Eclipse 55-58, 60, 63-66; hirtum 55; hy- 
bridum 58, 60; indicum 54, 62; megapotami- 
cum 54; megapotamicum variegatum 55-58, 
60, 62-66; Mulleri 56-60, 63-66; Pattersoni 
61; Regnellii 56, 57, 59, 60, 63, 67; striatum 
53-55, 58, 62; Thompsoni 53-68; tonelianum 
60; vitifolium 61 

Abutilon, Studies of the occurrence and trans- 
mission of virus diseases in the genus 53 

Acacia Greggi 374, 375; macracantha 376-378; 
occidentalis 375 

Acer campestris 321; saccharum 249 

Actinonema 327; Rosae 291-293, 327 


Aecidium 475, 476; elatinum 516 

Aggregata eberthi 352, 353 

Agriculture, Aims and objectives of plant in- 
troduction of the U. S. Department of 75 

Aims and objectives of plant introduction of 
the U. S. Department of Agriculture 75 

Albugo candida 314 

Allomyces javanicus 15, 16 

Althaea narbonensis 53; officinalis 53, 61; rosea 
53, 54, 61, 482, 485 

American Botanical Literature, Index to 41, 
93, 163, 225, 271, 330, 397, 461, 525 

Ampelopsis quinquefolia 103 

Amphicarpon 213; amphicarpon 211; flori- 
danum 211; Purshii 211 

Amphicarpon floridanum, Flowering and seed 
production in 211 

Anatomy of the leaf of Zeugites munroana, an 
anomalous grass, The 429 

Anemone virginiana 480, 485 

Aniba guyanensis 191; opaca: 191; rosaeo- 
dora amazonica 191 

Anoda hastata 53, 54 

Antennaria 86 

Anthoceros levis 383; punctatus 383 

Antirrhinum majus 482 

Arceuthobium cryptopodum 26 

Archegonia of Pellaea viridis (Forsk.) Prantl, 
The 9 

Arisaema 159; triphyllum 316 

Aronescu, ALIcE, Diplocarpon Rosae: from 
spore germination to haustorium formation 
291 

Artemisia tridentata 373 

Ascaris megalocephala 123 

Aspergillus niger 241, 243-247 

Aspergillus niger by iron, zinc, and other heavy 
metal poisons, The so-called “chemical 
stimulation” of 241 

Asteroma radiosurn 291; Rosae 291 

Atriplex canescens 374 


Bacillus amylovorus 174-177, 179, 180, 184, 
186, 187; radiciola 174, 187 

Bacterium campestre 173-177, 184-188; coli 
178; flaccumfaciens 178, 181; medicaginis 
178, 181; Phaseoli 178, 181; tabacum 177, 
187; tumefaciens 104, 106-110, 112-115, 
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174, 176, 177, 180, 181, 184-187; typhosus 
178; vignae 177, 187 

Batpwin, Henry I., Some physiological effects 
of girdling northern hardwoods 249 

Batrachospermum 437 

Bauhinia longiflora 379 

Bebbia juncea 374 

Berberis vulgaris 303, 327 

BERGNER, A. DoROTHY, AND BLAKESLEE, A. F., 
Cytology of a translocation of the 1.2 chro- 
mosome in Datura 197 

Berry, Epwarp W., Pleistocene plants from 
Cuba 237 

Besseya 86 

Betula lutea 249 

Biological specialization in Darluca filum 475 

Black rot of cabbage, A cytological study of the 
early infection stages of the 173 

BLAKESLEE, A. F., AND BERGNER, A. DoroTry, 
Cytology of a translocation of the 1.2 chro- 
mosome in Datura 197 

Blepharospora cambiovora 155 

Botanical Literature, Index to American 41, 
93, 163, 225, 271, 330, 397, 461, 525 

Botrytis 158, 303, 320; cinerea 301-303, 318, 
319, 323, 324, 327; Tulipae 319 

Box huckleberry as an illustration of the need 
of field work, The 81 

Bracteosae, Scrophulariaceae of the north- 
western United States—II. Pedicularis of 
the group 441 

Brassica 175, 176, 220; campestre 173 

Brazilian species of the genus Utricularia, A 
new 367 

Bryophyllum 107, 110, 355, 363, 364; caly- 
cinum 106, 114, 356, 361-365 

Bunchosia Palmeri 379 


Caeoma nitens 353 

Caesalpinia cacalaco 379 

Campanula rapunculoides 482 

Capsella bursa pastoris 314 

Capsicum 1, 4, 6, 7 

Carcinogenic agents of animals, A preliminary 
report on plants treated with the 103 

Carex 487; normalis 477, 479, 489 

Carnegiea gigantea 106, 109, 114 

Cassia biflora 377, 378, 476 

Ceiba acuminata 378 

Celtis pallida 375 

Cercidium 375, 377; microphyllum 375; son- 
orae 375, 378; torreyanum 374, 375, 378, 380 

Cerotelium 475 


Chamaecyparis 321 

“Chemical stimulation” of Aspergillus niger by 
iron, zinc, and other heavy metal poisons, 
The so-called 241 

Chromosome in Datura, Cytology of a trans- 
location of the 1.2. 197 

Chromosomes of Riccia glauca, Haploid 381 

Chrysobalanus 238, 239; eocenica 238; icaco 
237, 238 

Chrysomyxa 475; Abietis 476 

Chytridium Mesocarpi 15 

Cicinnobolus 323 

Circaea alpina 480, 485, 490 

Citrus 316 

Cladonia 91 

Cladosporium 323 

Coleosporium 475, 480, 490; Campanulae 481, 
482, 486; delicatulum 476, 486; Solidaginis 
481-483, 486; Sonchi-arvensis 353 

Colletotrichum Gloeosporiodes 316, 324 

Colorado, The rate of growth of the ponderosa 
pine in Estes Park 19 

Colubrina glabra 375 

Comarella sabulosa 260 

Completoria complens 314, 326 

Condalia spathulata 375 

Conocarpus 237 

Cordia Greggii 375, 377 

Cotyledonary characters in Cucurbita Pepo, 
Inheritance of 263 

Couratari coriacea 195 

Coursetia glandulosa 377 

Coutarea pterosperma 378 

Craic, THomas, A revision of the subgenus 
Hugelia of the genus Gilia (Polemoniaceae) 
385, 411 

Crescentia alata 379 

Cronartium ribicola 314, 324, 353 

Croton alamosanus 379 

Cryptogams, its needs and methods, Field 
work with the 89 

Cuba, Pleistocene plants from 237 

Cucurbita 1, 3, 4, 6, 7; Pepo 2, 263, 268 

Cucurbita Pepo, Inheritance of cotyledonary 
characters in 263 

Cupania olivacea 193; racemosa 194 

Cupresses 503, 516, 519 

Cuticularia [licis 313 

Cylindrosporium 314, 319, 321, 325 

Cystopteris bulbifera 362 

Cytological study of the early infection stages 
of the black rot of cabbage, A 173 
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Cytology of a translocation of the 1.2 chromo- 
some in Datura 197 

Cytology of the abscission zone in Mercurialis 
annua, The 279 


Danthonia 213 

Darluca 475-478, 480, 482, 484, 486-490; 
filum 475-482, 485-490; vagans 475, 476; 
venezuelana 477 

Darluca filum, Biological specialization in 475 

Darlucis 476 

Datura 106, 108, 111-113, 197; stramonium 
106, 114 

Datura, Cytology of a translocation of the 1.2 
chromosome in 197 

Dendroctonus brevicomis 26 

Descriptions of ten new hybrid poplars 449 

Dicoccum Rosae 291 

Dicranella heteromalla 90 

Digitalis 263 

Dioscorea 476 

Diplocarpon earliana 293; Rosae 292, 293, 304, 
306, 309, 310, 313-323 

Diplocarpon Rosae: from spore germination to 
haustorium formation 291 

Diplodia perpusilla 476; uredinicola 476 

Diseases in the genus Abutilon, Studies of the 
occurrence and transmission of virus 53 

Drosophila 120, 123, 124, 198; melanogaster 
121, 123, 198 


Echinocereus Engelmannii 375 

Effects of x-rays on growth and respiration of 
wheat seedlings, The 119 

Elaphrium microphyllum 375 

Encelia 375, 377; farinosa 375, 376, 378, 380; 
frutescens 374 

Endothia parasitica 316 

Entothrix 438; grande 438 

Eriastrum 385; filifolium 421 

Erysiphe 313, 323; radiosum 291 

Eudarluca 476, 477; australis 476, 489; venezu- 
elana 476 

Eulemanea 438, 439 

Euphorbia cyparissias 314, 321, 327; plicata 
377 

Eurotium 323 

Euthamia tenuifolia 476, 486 

Exoascus deformans 322 


Fagopyrum 220 
Fagus grandifolia 249 
Field and herbarium studies IT 259 
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Field study can modify older taxonomic con- 
cepts, How 85 

Field work, The box huckleberry as an illustra- 
tion of the need of 81 

Field work, The significance of the compiler’s 
data in 71 

Field work with cryptogams, its needs and 
methods 89 

Fissidens 91 

Flowering and seed production in Amphicarpon 
floridanum 211 

Forchammeria watsoni 378 

Fouquieria Macdougalii 375, 378 

Francis, Dororny S., The effects of x-rays on 
growth and respiration of wheat seedlings 
119 

Franseria 375; cordifolia 378; deltoidea 375; 
dumosa 373-375, 380 

Frommea 475, 480; obtusa 481-484 

FuLLiInc, Epmunp H.., Identification, by leaf 
structure, of the species of Abies cultivated 
In the United States 497 

Fusarium Rubi 155 

Fusicladium pyrinum 301 


Gaylussacia brachycera 81-83 

Genetic control over the development of shape, 
Two types of 1 

Genus Macairea DC. in northern South Am- 
erica, The 35 

Gilia 385, 386; Brauntonii 414; densifolia 386, 
388, 390, 393; densifolia austromontana 
389-391, 396; densifolia elongata 389, 391, 
392; densifolia mohavensis 388, 392, 393, 
396; densifolia sanctorum 388, 390, 391, 396; 
densifolia typica 388, 390, 391, 393; elongata 
389; eremica 386, 387, 393, 412, 415, 416, 
419-421, 424; eremica arizonica 396, 417, 
419, 420, 421; eremica typica 396, 416-419, 
421; eremica Yageri 396, 417, 420-422, 424; 
eremica zionis 396, 417-419, 421; filifolia 
386, 387, 415, 416, 420-423; filifolia diffusa 
386, 396, 416, 420-425; filifolia Hardwoodii 
396, 422, 424, 425; filifolia sparsiflora 396, 
422-428; filifolia typica 385, 393, 422, 423, 
426; floccosa 413, 416, 426, 427; floccosa 
ambigua 412; floccosa filifolia 421; flori- 
bunda 414; Gunnisonii 386; Hugelia 388; 
lutea 413, 416; lutescens 386, 396, 413, 414, 
416; pluriflora 387, 396, 414416; sapphirina 
411; Sherman-Hoytae 387, 396, 415, 416, 
421; sparsiflora 425; virgata 386, 387, 393, 
412, 414, 415, 418, 421, 423, 428; virgata 
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ambigua 394, 396, 412-414, 416, 420; vir- 
gata dasyantha 388, 394, 395, 396; virgata 
filifolia 421; virgata floccosa 416; virgata 
floribunda 414; virgata oligantha 412; vir- 
gata sapphirina 394, 396, 411-413, 416; 
virgata typica 393-396, 423; virgata Yageri 
420; Wilcoxii 386, 387, 396, 412, 423, 426- 
428; Wrightii 386 

Gilia (Polemoniaceae), A revision of the sub- 
genus Hugelia of the genus 385, 411 

Ginkgo biloba 104 

GLEASON, H. A., The genus Macairea DC. in 
northern South America 35 

GLEASON, H. A., AND Sirs, A. C., Plantae 
Krukovianae II 191 

Gloesporium fructigenum 305, 318 

Gorpon, RosBert B., Lemanea grandis (Wolle) 
Atk. rediscovered after forty years 437 

Grags, The anatomy of the leaf of Zeugites 
munroana, an anomalous 429 

Guaiacum Coulteri 375 

Guazuma ulmifolia 377 

Gymnoconia 475 

Gymnosporangium 324; clavipes 324; germi- 
nale 321; Juniperi-Virginianae 313, 326; 
myricatum 321, 324 


Haematoxylon brasiletto 377 

Haploid chromosomes of Riccia glauca 381 

Hardwoods, Some physiological effects of 
girdling northern 249 

Haustorium formation, Diplocarpon Rosae: 
from spore germination to 291 

Helianthus annuus 106, 114 

Helminthosporium 155, 316 

Hemerocallis 495 

Herbarium studies II, Field and 259 

Hilaria rigida 375 

Hordeum 316; vulgare 121 

Horkelia sabulosa 260 

Hosts, The relation of Uromyces Caladii and 
other rusts to their 155 

How field study can modify older taxonomic 
concepts 85 

Huckleberry as an illustration of the need of 
field work, The box 81 

Hugelia 385, 386, 388, 393, 423; Brauntonii 
414; densifolia 390; densifolia sanctora 390; 
eremica 416, 417; filifolia 421; filifolia sparsi- 
flora 425; floccosa 416; lanata 428; lutea 413; 
montana 389; virgata 393, 394; virgata dasy- 
antha 395; virgata pygmaea 423; virgata 
sapphirina 411 


Hugelia of the genus Gilia (Polemoniaceae), 
A revision of the subgenus 385, 411 

Humpsrey, Esteia, A study of pollen-tube 
behavior in Lilium regale Wil. 491 

Hyalopsora 347, 348, 351-353; aspidiotus 345, 
352, 354 

Hybrid poplars, Descriptions of ten new 449 

Hymenoclea monogyra 374 

Hymenophyllum 11 


Ichthyomethia mollis 376-378 

Identification, by leaf structure, of the species 
of Abies cultivated in the United States 497 

Ilex 313 

Index to American Botanical Literature 41, 93, 
163, 225, 271, 330, 397, 461, 525 

Inga vera 476 

Inheritance of cotyledonary characters in Cu- 
curbita Pepo 263 

Ipomoea arborea 378, 379 

Iris 349, 354 

Isoachlya unispora 16 

Ivesia sabulosa 260 


Jamesia americana 21 

Jatropha cardiophylla 375; cinerea 375; spathu- 
lata 375 

Jennincs, O. E., Field work with cryptogams, 
its needs and methods 89 

JouansEeN, D. A., Haploid chromosomes of 
Riccia glauca 381 

Jounson, Marron A., The origin of the foliar 
pseudo-bulbils in Kalanchoé daigremontiana 
355 

Juncoides campestre 477, 479, 489, 490 

Juncus 487; effusus 479; tenuis 479, 484, 490 

Juniperus 237, 238, 321, 503; barbadensis 238; 
communis 21; monosperma 21 


KAISER, SAMUEL, AND SINNOTT, EpMuND W., 
Two types of genetic control over develop- 
ment of shape 1 

Kalanchoé 362; daigremontiana 355, 361-364; 
tubiflora 362 

Kalanchoé daigremontiana, The origin of the 
foliar pseudo-bulbils in 355 

Karwinskia humboldtiana 377 

KEENER, Pavut D., Biological specialization in 
Darluca filum 475 

Keur, JouN Y., Studies of the occurrence and 
transmission of virus diseases in the genus 
Abutilon 53 

Kitaibelia vitifolia 53, 54, 61 
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Krameria Grayi 375 
Kuehneola 475, 480; Uredinis 480, 481, 483, 
484, 486 


Langloisia 386 

Lantana camara 377 

Larrea 375; tridentata 373, 374, 380 

Lavatera arborea 53, 54, 61, 64, 68 

Lemaireocereus Thurberi 375, 376, 378 

Lemanea 437-439; australis 439; fucina 438; 
grandis 437-439 

Lemanea grandis (Wolle) Atk., rediscovered 
after forty years 437 

Lemna 233; minor 235 

Leontodon Taraxacum 479, 482 

Lepidium 259; alyssoides 260; hirsutum 259; 
Nelsonii 259; scopulorum 260; tenellum 259; 
tortum 260; virginicum 259 

Levine, Micwakt, A preliminary report on 
plants treated with the carcinogenic agents 
of animals 103 

Lilium regale 491-494 

Lilium regale Wil., A study of pollen-tube be- 
havior in 491 

Literature, Index to American Botanical 41, 
93, 163, 225, 271, 330, 397, 461, 525 

LivincsTon, Burton E., Possible importance 
of respiration water to young wheat seedlings 
217 

Lonchocarpus megalanthus 379 

Lophocereus Schottii 375, 376, 378 

Lychnis alba 480 

Lycium Andersonii 374, 375; Richii 375 

Lycopersicum 1 

Lycopodium lucidulum 362, 365; Selago 362 


Macairea 35, 36; adenostemon 35, 36; albi- 
flora 35, 36, 38, 39; arirambae 36, 38, 39; 
aspera 36, 38, 39; clavescens 38, 40; duidae 
36, 37, 40; foveolata 36, 38, 39; glabrescens 
36-38; goyazensis 36; lanata 36, 37, 39; 
ledifolia 36; linearis 36, 38, 39; Mosenii 36; 
multinervia 35, 38, 39; pachyphylla 35, 38, 
39; parvifolia 35, 38, 39; Radula 35, 38, 39; 
rigida 35, 38, 40; rufescens 35, 37, 38; scabra 
36, 38, 39; sericea 35, 36; Spruceana 35, 37; 
39; stylosa 35, 37, 38, 40; sulcata 35, 37, 38, 
Theresiae 36, 40; thyrsiflora 35, 37, 38; 
villosa 36; viscosa 36, 38, 40 

Macairea DC. in northern South America, 
The genus 35 

Malva mauritiana 53, 61; verticillata 53, 61 

Malvastrum capense 53, 54 

Marsonia Rosae 291, 292, 324 
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McCoy, Ratpx W., The anatomy of the leaf 
of Zeugites munroana, an anomalous grass 
429 

Meter, Dorotay, A cytological study of the 
early infection stages of the black rot of 
cabbage 173 

Meiosis in Milesia marginalis 345 

Melampsora 457, 460, 475, 490; confluens 476 

Mentha spicata 482 

Mercurialis annua 279, 280, 283, 284, 286, 289 

Mercurialis annua, The cytology of the abs- 
cission zone in 279 

MERL, EpMunp M.., A new Brazilian species of 
the genus Utricularia 367 

MERRILL, E. D., The significance of the com- 
piler’s data in field work 71 

Mespilodaphne 192 

Mexico, Vegetation of the northwestern coast 
of 373 

Micranthes virginiensis 485 

Micromyces Zygogonii 16 

Milesia 347, 348, 351, 352; fructuosa 352; inter- 
media 352; marginalis 345, 346, 351, 352, 354 

Milesia marginalis, Meiosis in 345 

Milium amphicarpum 211 

Mimosa Grahami 377 

Mimusops emarginata 237, 239; sieberifolia 240 

Missouri, Spirodela oligorrhiza collected in 233 

Mogquilea 193; elata 193; riparia 192, 193 

Moschoxylum 193 

Muhlenbergia Schreberi 479 

Multiciliate zoospores in Physoderma Zeae- 
maydis 13 


Navarretia 385, 386, 423; Abramsii 385, 423; 
densifolia 388; densifolia elongata 389; densi- 
folia eu-densifolia 391; densifolia jacumbana 
417, 418; densifolia lanata 394; filifolia 421; 
filifolia diffusa 423; filifolia eufilifolia 421; 
filifolia sparsiflora 425; lutea 413; virgata 393, 
394; virgata dasyntha 395; virgata floccosa 
416; virgata floribunda 414; virgata gymnoce- 
phala 411; virgata oligantha 411; virgata 
sapphirina 411; Wilcoxii 426 

New Brazilian species of the genus Utricularia, 
A 367 

Nicotiana 62, 493; tabacum 121; tabacum Bur- 
ley 106, 114 

Nucleophaga 16 

Nymphaea 263 


Ocotea Beyrichii 192; Froesii 191 
OyeRHOLM, EvIzABETH, Multiciliate zoospores 
in Physoderma Zeaemaydis 13 
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Olneya 375; tesota 374, 375, 378, 380 

Olpidiella uredinis 16 

Olpidium brassicae 15; radicale 16; viceae 16 

Opuntia Bigelovii 375; fulgida 376, 377; Key- 
ensis 106, 109, 114; ramosissima 374, 375; 
Thurberi 375-377 

Origin of the foliar pseudo-bulbils in Kalan- 
choé daigremontiana, The 355 

Orthoclada 429 


Pachycereus pecten-arboriginum 377, 378; 
Pringlei 375 

Papy, S. M. Meiosis in Milesia marginalis 345 

Palava malvaefolia 53 

Panicum 213 

Parosela lanata 262; Paysoniae 262; spinosa 
374 

Paspalum 211; amphicarpum 211; Humboldti- 
anum 490 

Paullinia sonorensis 377 

Pediastrum 286, 289 

Pedicularis atrosanguinea 442, 443; brac- 
teosa 441, 442, 444; Canbyi 441, 443, 448; 
flavida 442, 445; latifolia 443, 448; mon- 
tanensis 441, 444; pachyrhiza 442, 445; 
paddoensis 442, 444; Paysoniana 442, 444, 
446; sufolia 441, 443, 448; Thompsonii 442, 
443, 447 

Pedicularis of the group Bracteosae, Scrophu- 
lariaceae of the northwestern United States 
—II 441 

Pellaea viridis 9-11 

Pellaea viridis (Forsk.) Prantl, The archegonia 
of 9 

Penicillium glaucum 302 

PENNELL, Francis W., How field study can 
modify older taxonomic concepts 85; Scro- 
phulariaceae of the northwestern United 
States—IE. Pedicularis of the group Bracte- 
osae 441 

Pentstemon hirsutus 87; pubescens 88 

Peridermium 475; Peckii 476, 489 

Peronospora Schleidenii 155, 316 

Petalonyx Thurberi 374 

Peziza Sclerotiorum 302 

Phakopsora 475 

Pharus 429 

Phaseolus 121; vulgaris 482 

Phleum pratense 479, 482 

Phoma filum 475 

Phragmidium 475; Potentillae 476 

Phyllorachis 429 
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Physiological effects of girdling northern hard- 
woods, Some 249 

Physoderma Zeae-maydis 13, 15, 16 

Physoderma Zeae-maydis, Multiciliate zo- 
ospores in 13 

Phytophthora infestans 155, 316, 320, 326; 
parasitica 313, 324; terrestris 155 

Picea 501, 503 

Pileolaria 475; Terebinthii 476 

Pine in Estes Park, Colorado, The rate of 
growth of the ponderosa 19 

Pinus 501, 503, 517, 519, 521; canadensis 520; 
caribaea 237; Douglasii 520; Elliotii 517; 
flexilis 22; grandis 520; Hookeriana 520; 
lasiocarpa 520; mertensiana 520; monophylla 
520; Nordmanniana 520; Pattoniana 520; 
pectinata 520; Pithyusa 518; ponderosa 19, 
29; Sieboldii nana 520; Strobus 314; sylves- 
tris 520 

Pirus ioensis 104; Malus 104 

Pisum 220; sativum 105, 124 

Pithecolobium sonorae 377, 378 

Plant introduction of the U. S. Department of 
Agriculture, Aims and objectives of 75 

Plantae Krukovianae IT 191 

Plants from Cuba, Pleistocene 237 

Plants treated with the carcinogenic agents of 
animals, A preliminary report on 103 

Plasmopara viticola 313 

Pleistocene plants from Cuba 237 

Poa compressa 482, 486, 490 

Poisons, The so-called “‘chemical stimulation” 
of Aspergillus niger by iron, zinc, and other 
heavy metal 241 

(Polemoniaceae), A revision of the subgenus 
Hugelia of the genus Gilia 385, 411 

Pollen-tube behavior in Lilium regale Wil., A 
study of 491 

Polygonum aviculare 479, 482 

Polypompholyx 367 

Ponderosa pine in Estes Park, Colorado, The 
rate of growth of the 19 

Poplars, Descriptions of ten new hybrid 449 

Populus balsamifera virginiana 460; berolinen- 
sis 449-451, 453, 458, 459; laurifolia 453- 
455, 457, 459; Maximowiczii 449-453, 459; 
nigra 453-457, 459; nigra betulifolia 457, 
459; nigra plantierensis 452, 459; tacama- 
hacca 458; tacamahacca candicans 458; tri- 
chocarpa 451, 456, 457, 459, 460 

Possible importance of respiration water to 
young wheat seedlings 217 

Potentilla albiflora 260; canadensis 482; ma- 
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culata 261; rubida 261; sabulosa 260; Thur- 
beri 262 

Pouteria cladantha 196; lateriflora 196; ovata 
196 

Preliminary report on plants treated with the 
carcinogenic agents of animals, A 103 

Prosopis 375; glutinosa 378; velutina 374-576, 
380 

Pseudo-bulbils in Kalanchoé daigremontiana, 
The origin of the foliar 355 

Pseudocladia 196 

Pseudomonas Pisi 177 

Pseudoperonospora Humuli 155 

Pseudotsuga 503, 520; taxifolia 19 

Pteris ensiformis Victoria 11 

Puccinia 313, 475, 476, 478, 480, 485, 487; Ace- 
tosae 481, 482; Anemones-virginianae 480, 
481, 483-485, 487; Antirrhini 481-483; Aspar- 
agi 477, 490; Asphodeli 155; Circaeae 480, 
481, 483, 485, 487, 490; Cirsii-lanceolati 350; 
Clematidis 481-484; coronifera 299, 318; 
curtipes 485; dispersa 326; epiphylla 490; 
graminis 303, 327; graminis Tritici 321, 323; 
hibisciata 479; Hieracii 479, 481, 482; Mal- 
vacearum 353, 479, 481-483, 485, 487; Men- 
thae 481-483; obscura 477-479, 486, 489, 
490; Peckii 477-479, 489; poculiformis 479, 
481-484, 486, 487; Podophylli 353; Sorghi 
155, 157, 161, 479, 481-484, 488-490; tubu- 
losa 490; Violae 479; Xanthii 485 

Pucciniastrum Myrtilli 476 

Purshia tridentata 21 

Pythiopsis 16 

Pythium 158, 320; debaryanum 158, 325 


Rate of growth of the ponderosa pine in Estes 
Park, Colorado, The 19 

Rathbunia 377; alamosensis 376 

Ravenelia 475; Ingae 476; spinulosa 476 

Relation of Uromyces Caladii and other rusts 
to their hosts, The 155 

Report on plants treated with the carcinogenic 
agents of animals, A preliminary 103 

Respiration water to young wheat seedlings, 
Possible importance of 217 

Revision of the subgenus Hugelia of the genus 
Gilia (Polemoniaceae), A 385, 411 

Rhexia Radula 35, 39 

Rhizopus 158, 320 

Ribes 21 

Riccia glauca 381-383 

Riccia glauca, Haploid chromosomes of 381 

Rice, Maset A., The relation of Uromyces 
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Caladii and other rusts to their hosts 155 
Ricinus 106, 108, 111-113; communis 106, 114 
Rosa 106, 114; centifolia 291, 300; gallica 291, 

300; humilis 292; hybrida 291; indica 300; 

rubiginosa 291, 300; tomentosa 291; tur- 

binata 291 
Rubus allegheniensis 480 
Rumex Acetosella 482 
Rusts to their hosts, The relation of Uromyces 

Caladii and other 155 
RYERSON, KNow es A., Aims and objectives 

of plant introduction of the U. S. Depart- 

ment of Agriculture 75 


Saccharomyces cerevisiae 121 

Sacheria 439 

SAEGER, ALBERT, Spirodela oligorrhiza col- 
lected in Missouri 233 

Salix fragilis 106, 114; lutea 476 

Sanicula 86 

Sapium biloculare 375 

Saprolegnia 16; monoica glomerata 16 

Schizaea 11 

SCHREINER, E. J., AND Stout, A. B., Descrip- 
tions of ten new hybrid poplars 449 

Sciadopitys 503, 520 

Sclerospora graminicola 314, 324 

Sclerotinia 301, 318; Libertiana 303, 323; 
Sclerotiorum 301 

Scrophulariaceae of the northwestern United 
States—II. Pedicularis of the group Brac- 
teosae 441 

Seed production in Amphicarpon floridanum, 
Flowering and 211 

Seedlings, Possible importance of respiration 
water to young wheat 217 

Seedlings, The effects of x-rays on growth and 
respiration of wheat 119 

Septogloeum Hartigianum 321, 325 

SHREVE, Forrest, Vegetation of the north- 
western Coast of Mexico 373 

Sida napaea 53, 61 

Significance of the compiler’s data in field 
work, The 71 

Sinapis alba 124 

Srnnott, EpmMunD W., AND KalIsEerR, SAMUEL. 
Two types of genetic control over the de- 
velopment of shape 1 

Sisyrinchium 86 

Sloanea Garckeana 195; reticulata 194 

Smita, A. C., AnD GLEason, H. A, Plantae 
Kurkovianae IT 191 

So-called ‘chemical stimulation”’ of Aspergillus 
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niger by iron, zinc, and other heavy metal 
poisons, The 241 

Solanum Lycopersicum 106, 114; melongena 
106, 114 

Solidago 482, 486 

Some physiological effects of girdling northern 
hardwoods 249 

Sorodiscus radicicolus 16 

South America, The genus Macairea DC. in 
northern 35 

Sperry, Omer E., The rate of growth of the 
ponderosa pine in Estes Park, Colorado 19 

Sphaeria filum 475 

Sphaerita 16 

Spirodela 233; intermedia 233; oligorrhiza 233, 
234; polyrrhiza 233-235; punctata 233; 
thermalis 233 

Spirodela oligorrhiza collected in Missouri 233 

Spirogyra 121 

Spondiaecarpum 239 

Spondias 238; lutea 237-239, mangifera 239; 
purpurea 238, 239 

Spore germination to haustorium formation, 
Diplocarpon Rosae: from 291 

Sporobolus 213 

Stages of the black rot of cabbage, A cytologi- 
cal study of the early infection 173 

Stagnospora Curtisii 305 

Stet, W. N., The archegonia of Pellaea viridis 
(Forsk.) Prantl 9 

STEINBERG, Rosert A., The so-called “‘chemi- 
cal stimulation” of Aspergillus niger by iron, 
zinc, and other heavy metal poisons 241 

Stereodon imponens 90 

Stout, A. B., AND SCHREINER, E. J., Descrip- 
tions of ten new hybrid poplars 449 

Studies II, Field and herbarium 259 

Studies of the occurrence and transmission of 
virus diseases in the genus Abutilon 53 

Study of pollen-tube behavior in Lilium regale 
Wil., A 491 

Study of the early infection stages of the black 
rot of cabbage, A cytological 173 

Synchytrium 16; endobioticum 16 

Synthyris 86 


Taxodium 503, 516 

Taxonomic concepts, How field study can 
modify older 85 

Taxus baccata 501 

Tetrachytrium 15 

Tetrameris 36; trivalvis 39 

Tetraspora lubrica 16 
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THAYER, Garois B., Inheritance of cotyledon- 
ary characters in Cucurbita Pepo 263 

Thelypteris marginalis 345 

Tillandsia 379 

Tilletia Tritici 318, 324 

Torreya 503 

Translocation of the 1.2 chromosome in Da- 
tura, Cytology of a 197 

Tranzschelia 475; punctata 476 

Trentepohlia umbrina 16 

Trichilia Froesii 193; japurensis 193 

Trichomanes 11 

Trifolium pratense 479 

Trigonocarpus 193 

Triticum aestivum 482; vulgare 123, 125 

Tsuga 503, 519, 520; canadensis 476 

Tuomeya 437, 438; fluvitilis 438; grande 438 

Two types of genetic control over the develop- 
ment of shape 1 


United States Department of Agriculture, Aims 
and objectives of plant introduction of the 75 

United States, Identification, by leaf structure, 
of the species of Abies cultivated in 497 

United States—II. Pedicularis of the group 
Bracteosae, Scrophulariaceae of the north- 
western 441 

Uredo 475; Dioscoreae 476 

Urocystis cepulae 158; occulta 314 

Uromyces 313, 475, 476, 478, 480; appendicu- 
latus 481-483; Betae 313; Caladii 155-159, 
161, 316, 326; caryophyllinus 477, 481, 
482, 487; fallens479; Junci 487; Junci-effusi 
479; Pisi 314, 321, 327; Polygoni 479, 481- 
484; Silphii 479, 484, 490; verruculosus 480, 
481, 487 

Uromyces Caladii and other rusts to their hosts, 
The relation of 155 

Uromycladium 475; simplex 476 

Urophlyctis 16; Alfalfae 15 

Ustilago Zeae 314 

Utricularia 367, 369; amethystina 370; bicolor 
370; colorata 370; dubia 370; Dusenii 370; 
fontana 370; fusiformis 370; globulariaefolia 
370; Gomezii 370; Lindmanni 370; Lloydii 
367, 368, 370; Meyeri 370; micrantha 370; 
modesta 370; reniformis 370; Selloi 370; 
spicata 370; ternata 370; tridentata 370; 
volubilis 367 

Utricularia, A new Brazilian species of the 
genus 367 


Vaccinium brachycerum 81 
Vallesia glabra 377 
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Vegetation of the northwestern Coast of Mex- 
ico 373 

Vicia Faba 105, 123-125 

Viola 479 

Virus diseases in the genus Abutilon, Studies of 
the occurrence and transmission of 53 

Vitex mollis 377 


WEATHERWAX, PAUL, Flowering and seed pro- 
duction in Amphicarpon floridanum 211 

Welwitschia 385; diffusa 423; filifolia 421; 
floccosa 416; Wilcoxii 426 

Wheat seedlings, Possible importance of respi- 
ration water to young 217 

Wheat seedlings, The effects of x-rays on 
growth and respiration of 119 

Wauerry, Epcar T., The box huckleberry as an 
illustration of the need of field work 81 
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WruraMs, Louts, Field and herbarium studies 
II 259 
Wolffia 234 


Xanthium pennsylvanicum 485 
X-rays on growth and respiration of wheat 
seedlings, The effects of 119 


Yampotsky, Cecrt, The cytology of the ab- 
scission zone in Mercurialis annua 279 


Zea Mays 121, 124, 157, 479 

Zeugites 429; munroana 429, 430, 435, 436 

Zeugites munroana, an anomalous grass, The 
anatomy of the leaf of 429 

Zizyphus sonorensis 378, 379 

Zoospores in Physoderma Zeae-maydis, Multi- 
ciliate 13 























RECENT PUBLICATIONS OF THE 
TORREY BOTANICAL CLUB 


OTANICAL results of the Tyler-Duida expedition, by H. A. Gleason, 

with the assistance of numerous collaborators. Reprinted from Bulletin 

of The Torrey Botanical Club, vol. 58. 230 pages, 29 plates, 8 figures, folding 
map, and special index. 1931. $2.00. 


Present evolutionary tendencies and the origin of life cycles in the 
Uredinales, by Herbert S. Jackson. Memoirs of The Torrey Botanical Club, 
vol. 18, no. 1, 108 pages. 1931. $2.00. 


The genus Cuscuta, by Truman George Yuncker. Memoirs of the Torrey 
Botanical Club, vol. 18, no. 2. 220 pages. 158 figures, and chart. 1932. $4.00. 

Volume 18 of the Memoirs complete, comprising the two above parts, with 
title-page. 331 pages. $5.00. 


For further information about the Club’s publications, address Mrs. 
R. A. Harper, Schermerhorn Hall, Columbia University, New York, N.Y. 























GLASS BLOWING 


Our Glass Blowing Department is fully equipped for all kinds of 
Scientific Glass Blowing. Blue prints are kept of important items. 


Amongst apparatus regularly made up in this department are in- 
cluded the following :— 

Conductivity Cells 

Hydrogen Ion Electrodes 

Hydrometers 


Precision Thermometers 
Stopcocks and many other items 


Write for further information, stating in detail your requirements. 


EIMER & AMEND 


Est. 1851 Inc. 1897 
Headquarters for Laboratory Apparatus and Chemical Reagents 
Third Ave., 18th to 19th St. New York, N. Y. 























Practical Books on Botany 








Collings. COMMERCIAL FERTILIZERS. 85 Illus. Cloth 
$3.25 
Composite of best opinions and conclusions of the industry. 


Gager. GENERAL BOTANY. 689 Illus. Cloth $4.00 
A new point of view on problems of botany and teaching 
botany. 


Kostychev-Lyon. PLANT RESPIRATION. 11 Illus. Cloth 
$2.50 
A balanced and authoritative study. 


Kostychev-Lyon. CHEMICAL PLANT PHYSIOLOGY. 45 
Illus. Cloth $6.00 
The chemical aspects of assimilation and transformation by 
plants. 


Laurie & Chadwick. COMMERCIAL FLOWER FORCING. 
49 Illus. Cloth $4.00 
The principles of present day great developments in the in- 
dustry. 


Mottier. TEXTBOOK OF BOTANY FOR COLLEGE STU- 
DENTS. 542 Illus. Cloth $4.00 
Structure, function and life histories, with touches of human 
interest. 


Robbins. THE BOTANY OF CROP PLANTS. 3rd Ed. 269 
Illus. Cloth $4.00 
A modern text and reference to botany of orchard, garden, 
field crops. 


Robbins & Ramaley. PLANTS USEFUL TO MAN. 241 Illus. 
Cloth $3.00 
The economical, cultural, ornamental, commercial phases of 
botany. 
Shoemaker. SMALL-FRUIT CULTURE. 52 Illus. Cloth $3.50 
Highly significant information on small-fruit culture. 
Youngken. TEXTBOOK OF PHARMACOGNOSY. 3rd Ed. 
367 Illus. Cloth $6.00 


Systematic text based on both morphologic and taxonomic 
viewpoint. 








P. BLAKISTON’S SON & CO., Inc. Publishers 
1012 Walnut Street, Philadelphia, Pa. 


















































THE FAMILIES OF 
FLOWERING 
PLANTS 
Vol. Il The Monocotyledons 
By J. HurcHInson 
Assistant in the Herbarium, 
Royal Botanic Gardens, Kew 
Mr. Hutchinson’s great- 
ly discussed work on the 
classification of flowering 
plants based on_ their 
probable phylogeny (with 
drawings by the author ) 


Have you seen 


WILD 
FLOWERS 


by 
Homer LD. House 
State Botanist of New Y ork 


Botanists, amateur naturalists and 
gardeners are showering us with or- 
ders and congratulations for this beau- 
tiful book. No other single volume can 
identify wild flowers with such un- 
questioned accuracy. It offers 164 full- 
page and 200 half-page color photo- 
graphs in actual size, with 340 pages 
of text, and 20 line drawings of the 
anatomy of flowers. Price $7.50 


























began with Volume I on the Dicotyledons. The new vol- 


ume has just been published in this country. 233 pages; 


Illustrated, Price $6.00 





EXPLORING FOR PLANTS 


By Davip FAIRCHILD 


As head of the Department of Foreign Plant Introduction, 
Dr. Fairchild traveled to the ends of the earth to seek useful 
plants for American growers. His account of the Armour Expe- 
dition set down here is a nature lover’s Arabian Nights’ enter- 


tainment. Many continents, numerous island groups, jungle 


depths, and barren volcanic regions were explored by this curious 


and indefatigable scientist who writes his story with relish, good 


humor, and a peppering of amazing discoveries. Originally pub- 
lished at $5.00, this fine book is now reissued at $3.00 


580 pages; 190 photographs; bound in cloth. 


At all bookstores or from 


























MACMILLAN 


Nee NSN 60 Fifth Ave. New York a 


















































This Plate, One of the Fifty Which Appear in the Catalog of Triarch Botanical Products, 
Shows the Results of Celloidin Technic on Fucus. 
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Celloidin Technic for Difficult 
Plant Sections 


By far the greater portion of the plant specimens which we find it necessary 
to section are adaptable to paraffin technic, but there are a few items which have 
consistently failed to give satisfactory results when sectioned in paraffin. These 
materials fall into two categories, firstly the gelatinous or mucilaginous tissues 
such as found in the fruiting tips of Fucus and similar brown algae, and secondly 
the woody or stony tissues such as those found in the trunks and branches of 
trees and in the mature protective tissues of seeds and fruits. 


The gelatinous type of tissue not only has a tendency to shrink or otherwise 
become distorted in the dehydration process and during infiltration, but exhibits 
the even more exasperating reaction of absorbing water while the sections are 
being flattened out on the slide. Sections which when dry are apparently perfect 
thus become disintegrated and distorted, and the entire slide often becomes 
covered with a deep-staining, disfiguring substance which has been dissolved 
out of the plant tissues. Occasional specimens which react thus might well be 
left out of our list of slide preparations, but Fucus is too popular an item to 
disregard. When imbedded in celloidin (nitro-cellulose) , however, all these diffi- 
culties are avoided, although of course this matrix limits to some extent the 
stains which can be employed to reveal the microscopic structures, The technic 
is difficult and expensive, but the results, indicated only poorly by the accom- 
panying cut, are sufficiently beautiful to justify the extra worries. 


While stony tissues may be softened by various methods so that they can be 
sectioned in paraffin, nevertheless they do not often yield perfect sections by 
this method, while celloidin permits the preparation of a perfect slide. Most 
woody stems can be sectioned in paraffin by a rather simple method, but when 
the sections are floated out on the slide they imbibe water differentially in the 
various tissues, so that when the flood dries away some tissues shrink while 
others swell, resulting in the tearing, wrinkling and warping of the sections. While 
careful paraffin technic avoids most of these difficulties in a stem like 
Tilia, it seems impossible to achieve satisfactory results with the thicker xylem 
walls of such stems as Quercus. Here again celloidin sections reveal a brilliancy 
of technical possibilities that is amazing. Blocks of mature wood, while capable 
of being sectioned by other methods, present an optical effect in celloidin sec- 
tions which is not attainable by any other method. 


Realizing the importance of these points, the Triarch Laboratories have de- 
veloped a series of specimens sectioned and stained in celloidin, including not 
only Fucus fruiting tips, but also a number of fern rhizomes, woody stems of 
the Angiosperms and Gymnosperms, and a magnificent set of thirty-two com- 
mercial woods showing transverse, radial and tangential views of the mature 
xylem on each slide. These celloidin preparations must be seen under the micro- 
scope to be appreciated, and we invite you to send for slides for examination 
without expense to you. 


FOR OUR NEW CATALOG (NO, 3), PROFUSELY ILLUSTRATED 
WRITE TO 


Geo. H. Conant, Ripon, Wisconsin 








PREPARED BY A BOTANIST FOR BOTANISTS 





























LABORATORY MICROSCOPE ESC-106 


Magnifications 56-900 


Fixed stage, 12 cm. square Achromatic objectives: 
Illuminati apparatus with rack 

and pinion 8 n.a. 0.20 
Condenser i.2 with iris 40 n.a, 0.65 


Triple revolving nosepiece 2 
Fine adjustment with graduated 90 n.a. 1.25 oil imm. 
drum Huygens oculars 7X and 10x 


Price f. 0. b. New York, 


A good dark field outfit is obtained by adding: 
Cardioid condenser $28.60, extra for oil imm; 
with tris $4.40. Compensating ocular 15x: 
$12.10. 


CARL ZEISS, INC. 


485 Fifth Ave., New York 
Pacific Coast Branch: 728 South Hill Street, Los Angeles, Calif. 























< _(ALTEISS) 
Lasgo 











» 


